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yjL-jv\ ^^-^yjiyi-u^u^y. i, (4 -r^ y ^> 

1, 4-\f:^ i4-r^Jy3L—jv) zf^y. i, (4-T^y 
y'x-;!/) ynA°>, 4, 4' -S^* (T^ y 7ai:=.;i/) 5-i/^:t 
ai-h, 4, 4' -i; (T^ y :7 3i-;i/) 6-S/">rx-b, 4, 

[0 0 3 3] 

Mici^i, 3 -s^T^ y s/^n^^-9->. 1, 4 -^7^ y t/^' n/\^i?->, 
1, 2 -i/'T^ / i/^ n:/^5f>, 1. z-py ^ ^ iy^u-:f9y. {a-t 

%^y. \£7. iA-y ^ J i/^xi^^i/)\^^ x-7^;k (A-y^j-s- 
:^^Jlty^U^^i/)V) :r~^;iy^(Dmm^Vy ^yitmfj^mif^^o 

[0 0 3 4] 

ttz. ^l/5^;i/h#§:l««)Sg6?jT% 4, 4' -i/'T^ >^ -3 - K7^i/;b:7ji 
n;vx-7^;i/, 1 - F5^^ i/=^- 2 , 4' - ^ ^ >^{cft^$ti-5 

^mt!c6~2 o(D-^my^i^^j\y&^^'t^py^y^mm'r^zii^x^^^o r 

ti e> ® 2 a^JSi^±Oll'^# t- <5 r t ^ s o 
[0 0 3 5] 

t^y^y. m-y 3L—i/yVy ^y^ p --7 j^—uypy ^y. 4-^ 

^)v-m-y oL—uyt^y ^y. a, a' -py ^ j Vy 3, 

3' -iy:^^Ay-A, 4' - ^/'T ^ ^ tf 7acx;K 4, 4 -t^'T^ 1^7 
, 4, 4-i/'r ^ y i^'7 3i-;i/T^ N- [3 { {A-y^ J yaL—JV") 
/Kx;i/T^ 7} 7xx;i/] (4 -T^ 7 ^x-;!/) 3i>;i/AT^ Ffci;tJf 1 , 3- 

*L<«, A-:^^)\/-m-y 3:.~vyvy^y. 4, 4' -e>'r ^ e>'■7al— 
;l/x-v";^j3<i;u^3 , 3' -Vi^'f-)]^- A, 4' -i/'T^ 7 l^7x-;i/*^#lf ^5 

[0 0 3 6] 
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±fB-te (2 a) fci:t>* (2 b) ^(DR^RXJ^R^lzMJ^t ^ J JV:^Zy 

, p-T^y^SS^, 4 -^^;i/-m-T^ ^'^jv-p-r^ y 

^S§^> 2 -r ^ y - 6 1 - T 5 / - 5 - :j!j;y3fC=ar 
1 -y ^ >^ - 6 -:^;U>K^'>y> J -1 -iJ 

;i/;K^t/T> 4- (4' -T^ 7ic-;i/) 3- (4' - 

>^ :7ain;i/) 4- (3' -r^ J y ^M^mW.. 4- (4 

' -r^jy^Lj^i/) 3- (4' -T^y^aiy^i/) 

4- (3' -T^ >':7aDy :^^) 4-T5y-4' -:*;i/jJ<^$//<> 

-i^)Vi^^iy^y^Jz7 J I/. 3, 3' -i;?^^;i/-4- (4' r^jy3L-}\^ 
) 2, 2' -i^'^5^;i/-4 - (4' T^y:7ain;b) ^S^lE, 2. 

2' - {A-r^J-7 3L—)\^-A' -:;!j;i/;Js^^7 3:— ;l ^ 2, 2* - 
(3 -T^ 7 :7ain;i/- 4' -5t7;i/3J<^i/ ain;i/) ^ ^ 2, 2' - (4 - 
y 3' -ij)\/-^^i/-7 3L-)\/) 2, 2' - {A-y^J 

7a:-;i/-4' -5tj;i/7J<=^^'7 3i^;i/) 2, 2' - (3-T^y73i 

—jv-A' -:j!j;iyy}f^i/:7 3:-;i/) x;i/3Jn>, 2, 2' - (4 -r^ y 7^^— ;i/ 
-3' -ijjVjj^^iyy^L—jv) 2, 2' - {A -r ^ >f y A 

' -i]jv:^^-yyaL-)v) >^nA>, 2. 2' - (3 -r ^ y :7 3:-;i/-4' - 
:!fj;i//K^^>'xn;i/) 2, 2' - (4 -T^ y :7x:^;i/- 3 ' --^jv 

^^i/y yTuz-^y. 2, 2' - iA -r ^ / y A' -;f7;i//K=3p 

$/:7a:n;i/) K, 2, 2' - ( 3 - T ^ :7 en - 4 ' -;!3;i//}^'^i/7a: 

-;i/) 2, 2' - (4 -T^ / 3' -^;i/;i?^i/:7i^;i/) 

T^K> 1, 3- iA-7^jyauj^y-A' -:^jv:!i^^yyaij^i/) 

1, 4- (4-T^y >'aiy^S/-4' -;fj;i//Jf^S/:7 3iy ^S/) 
N- [3 { {A-r ^ ^ y OL-JV) iij)V:^-)]/y^ y) ya^-Jll (4-:^ 
;i/;}f^^:/7aiii;V) 3j>;i/AT^ F, N- [4 { (4 -T^ ^ ^^i:^;!/) ilJl^— 
JVr^J) y3i-)Vl (A-^JVy^^tyy ^;i/AT^F. 4- (4-T 

^ y y'aiy ^e/7ai-;i/) 4- (4- (4- ( 4 - T ^ 7 :ii ^ =^ i> 



1 9 
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) y3L-)V) yaiJ^iy) ^M^mm. 4- (4- (1- (4- (4-T^y ^'i 
J^i/) ya^-jv) --r y:/n tf;i/) yaiJ^i/) ^M.mm. 4- (4- (i- 
(4- (4 -T^ y ^S/) y^i—^v) -^^'^y;\/:tu^\fzfui^jv^ y 

x7=^rt/) ^S#^, 1, 4- (4 y :7i>^=3pi>-4 -:jt7;i/3K^t/:7aiy 

:^-» 1, 5 - (4 -y^ y 731/ =^->-4 -?S7;i/^=¥->73iy dp^/) 

1. 6- (4 -T^ / ^i/-4 -:iJ;^;}?^^/:7xy ^i/) 
(4 -T^ y :7 3i:^;i/- 4' -:i7;i//K:^re/7x^;i/) 1, 5- 

i^'>r3:-h, (A -r ^ J ya^—}]/- 4' ai— 1 

, 6-S;?:r3i-h. (4 -T^ y :7ai::i;i/-4' -:;!j;i/7K^i/>'x~;i/) ^■>''^f 

[0 0 3 7] 

$/^n/\dpi?-» (3 -:;l5^;i/-4 -T^ i/^' n/\^S/;i/- 3' 

-4' n^^$y;i/) (3 -::t5^;v-4 -T^ y 

D/s:^^/;^- 3' -:>t^;i/-4' n^^i/;i/) x-5^;i/^(Z)fl| 

[0 0 3 8] 

^'^S^^. 4- (4' -r^ JyaiJ^iy) ^M^mm. 2, 3' -$;;l5^>>b- 
4- (4' -T^y^x^;]/) 4- (4' -r ^ y :7x::^;b) 

^, 2, 2' - (4 -T^ y 7x-;i/-4' -;!j;i/3jf:Jrt/:7x-;i/) F, N 
- [3 { (4 -T^ y •7xn;b) :j{j;i/;Kn;i/T^ y } "7x-;i/] (4 



11-3065803 



# 

0 — 24049 1 

jv-m-r^ j^M.mm. 4- (4' -r^y :7 3iy dp^/) ^s#^fej:t?2, 

3' -i>'^^;i/-4- (4' - T ^ y 7 ai ^^§^*^Plf ^tl-So 

[0 0 3 9] 

m\^^^n(DmAtf'^±7i<v^-m.i^0Z o~i oo^;i/%-g-tfZii:75)Wtl/< 
, 5 0 — 10 o^;i/%*^3gic^?jg"e^So 

[0 0 4 0] 

$ e>lC, —1$^ ( 1 ) , (2 a) fej:t>' (2 b) ^CfcV^T, K«®^f'^^< 
[0 0 4 1 ] 

^Hhx. t/a.^Wi. ^iy^>m.^vym> n7\^m. ^jv^jvm 

, TS^tr>^, tr^ u x/^u>^, -m^-^ym. ^/-^^ym. 1, 9- 

[0 0 4 2] 

MIC. i/'T^ >fi^:9-^lLTli, 31^1/>s;t^>, M)^^l/>S:/'T^ 5=- 

zf^ :^^\yyi/r^y, ^(j^^iyyi^r^y. J±:^'f-vyvr ^y. "ri^ 
:^^\yyvr^ym<D^mmvr^y. 'm.\z\%. m-^v^)\yyvrs.y. p- 

[0 0 4 3] 



2 1 
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[^b 1 1 ] 

CH3 CH3 

CH3 

[004 4] 

>, 1 -T^ >^ - 3 -:i!7;i/Jj<=^f $/yn 1 -T^ - 4 -5tr;i//K^i/>^^r > 

, 1 -T^ S-^^l/^^i/'O^J?^, 1 -r J - 6-:^)VT^^ty^^-^y 

, 1 -T^y- 7-5!j;i/J}<^$/^':^^>> 1 -r^ y - 8-:;!3;i/;K=¥$/;r^^5f > 

[004 5] 

;]yt^ym^r^i^^<^mm^t.t^r ^y^m^^jiyM^Ti^^. mmmm^xmrn-^s. 
<DTs.j ^}\^is^ym<Dp<m^]x]^^noz.^\z^'oxm^z.}if}'^x^^. 

[004 6] 

^ j-^- tLxPijjvTi^ym^^u^yitm^m^^^m^izit. hu^^^A 

[0 04 7] 
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ro 0 4 8] 

z.(Dm^R}^izmi^^^mumi:i-. mn- 1 o ox:*^^ 2 o ox:nm(oumm 

[0 0 4 9] 
[0 0 5 0] 

a±7&^r^^z>fi:m^:&mz^ijmhti^mmm(Dm7hmmito. 0 5-3. 

0 d l/g (MM 3 O'C0DN-;i^;i/lf □ U K>tfi, ^M 0 . 5 g/d 1) "e^ 
-SrilJ^J^fiilT'^y, #JCO. 2 — 3. 0 d l/g■e^-&^i:75)W*bv^. Hic 
, fS[¥i^^^*T'l 0 0 OJg/^Jb, *b<li3 0 0 0Jg-^±T-feS3i::*^3Kll 

[0 0 5 1] 
[0 0 5 2] 

■=tn^(Dmm(DM.i^miii.xit. 2-ifny F>. N-^5^;i/if du f>. n 

D U N - :^;n^n U K>, N, N - ^;bT-fe h T ^ K, 
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[0 0 5 3] 

Sli 8 0 — 2 0 0 x: b VN, 

[0054] 

tt^vN:!^^ mnom^mi^mi:Li^xmm-^ti^±x i o~3 o o o nmitjmmx 

[0 0 5 5] 

VX\tmzm^^ni^^^i}\ —miZlt l O O nm~4 0 0 nm(DmmX&^z:il 

L<, Miz^t.L<itmm-ta-m^^(Dmmiz^^xy^;v^-m^:ftL 
xm'a:m^^mn't^^iii}'t^±h\^^o ^(DmMmmn. —mzimf^ti^ 

[0 0 5 6] 

T2|lIJ!^±Mi^bT*;i:V^„ ^ ^c, ||«e9lC'IS^*^^ie>tltll^ J: < , M^i^®^ 
[0 0 5 7] 



miiE#¥ 1 1-3065803 



#^ 10—240491 



^ CD @H r^i li^ 61» ic =b T' ^ -5 o 

[0 0 5 8] 

^^^^tC'^^lS-^^^^b-^^^LT, gtCTfiH-^^ (2 1) 

[0 0 5 9] 
litl 2] 

o Oh 

It II I B 

HO— c ^c-n^r" 

N" (2 1) 
N— c'^ \;-OH 

J II II 
fl o o 

2 1 ) cfi©R^^*^TIE-Ji5^ (2 2) (2 3) 

[0 0 6 0] 

[^1: 1 3 ] 

(Kb»)„. 



(^cfi, xH x^^jstt>*x^°i±^ti^tiMiitc^^-^, o, cOg 

, OCO, CHgO, NHCO^itliCONH^r^L/. R^^. R^°. R^"^, R^^ 
R^\ R22;5^tJtR2^*^;?K^M^*}^ctt/Nn>5f >M^-T-^^#-^lCli, X^^^ X^^ 
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[0 0 6 1 ] 

±fH-IS^tfJ® R^^ R^°> R^^ R^^;5:t>*R^^©Cj— C24©T;1/^;1/S^ 
LXit. ^^;k aQf-;v, yntf;K i-:/nbf;K -Z^^;!/, i s- 

[0 0 6 2] 

^l~^24®'^^'^^"^^^^^^*^^'^^*^ h U >';i/:rD;l^;K 2, 2, 2 

- h y :7;i/:rnx^;K ^;i/7;i/:rDx^;i/, 3, 3, 3 - h V yjv:tuzfu\f 
;i/> A:;^:7;iy:tD :/nfcf;i/, /\:^r-9-7;b;tD - i -:^d tf;K s, 3, 4, 4, 

[0 0 6 3] 

C2~C24®7;i/^-;i/»i: LTtt. 7y;i/, i->r5^-;K 2- 

>'*5^-;i';s.t>*3 - >^7^x;v^oigm7;i/>^r-;i/Sic*n;^, JiSMv^e>tlS;^l^7 

jv^-jvma^mf^ti^o C2~C24<?)7;i/=^-;i/*i:bTtd:, n:^n;K >''n 
/A"^;!/, i->r^x;K 2 - >^^x;i/S.t)f 3 - >^6^n;i/^®{£^7;^=3p-;b^ic 
^i^Mv^e>tl<£.;R^7;l/=^r-;v»*'^#^f ^n€>o 

[0064] 

^fc, R^^^HtC^f^ LvxM^bT, TSa^ (2 4) (2 5) 

[0 0 6 5] 



(^tfi, R'^^ii^i^^M^, /Nn>5f>M^-, 0^-024® 7;i/^;b^, C2~C24© 



[<l: 1 4 ] 



H 



(24) 




r)iy^-;vm. C2~C24<^7;i/^-;i/S, c 1—024(7) 7 ;i/=f^i/S, c 
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[0 0 6 6] 

±ia^ (2 5) tjjg)R^^g)c^~Co4(Z)y;i/^;i/a^ bTtj:. x^^;!/ 

[0 0 6 7] 

Cj'-'C24<3DT;i/=i^S/«2lbT«, ;i b^S/, >''D3}<drSy. i- 
[0 0 6 8] 

■r-5;R^r;i/^-;i/:r=^i/:^;i/^— ;i/«*'^#if esti-Sc C2~C24®t;i/^-;v 
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[0 0 6 9] 

±SB— (XIII) tp(DR^'^izMfd;-r^^h^^j\yMymm^^Mm-t^r=.i^ 

(D^^j'^-it^i^cDM.i^miLhXit. 1, 2, 3, 4-i/^u:f^y^h^:^)\y 
T^ym. 1. 2, 3, 4 -y^uy^y-^iy^^h^^Ji^^ym. 2, 3, 4, 5- 

^h^t KD:7^>5^h^:;!j;i/jK>^. l, 2, 4, 5 - i/iJ? □'\=^ri?->5^ 

3, 4 1 -i/^^ ^^:3ri/;^z3/^^^, 3, 4-V 
^;i//Kdr2/- 1 , 2, 3, 4 -v^h^nY^u- 1 -^-7^ ]yyzi/\i;m. tfu^ 
y^yb^, 2, 3, 6, 7 -■f-Z7^uyv=-h^:fy)V7i^ym^ i, 2, 5, 6 
-7i(vy^h'^ij}v:>^ym. l, 4, 5, 8 -:h:7 a? b^*;i/ji^>^> 2 
, 3, 6, 7 -T> h^;fJ>'I/>3<>^> 1, 2, 5, G-T^h^-fe^ 

^ h^55j;i/>K>^, 3, 3' , 4, 4' -\f7 aL-;Vy^h^:^^\y^yW. 2, 3 

, 3' , 4 -tf7ain;i/7^bv:*;i/d<>^, tf;^ (3, 4 - in- 
jv) x-5^;k 3, 3' , 4, 4' -^>v^:7 3iy tfx ( 

3, 4 -t/:^JVji^^y7 7.)V:^y. if 7. (3, 4 - S^':*;i/#^ ^ V j: — 

;L') 2, 2-tf;<. (3, 4-ty^Jv:^^yy:^-)\y) -^fu^y. 1, 1 

, 1, 3, 3, 3 -/\^-y-7>n/:tn- 2, 2-tf;^. (3, 4-i/:fy)V:!i^^yyx. 

—ji) -^u^-^y. (3, 4-i/itj)V!i^^yy sL-jv) tfx 
(3, 4 -s;?b!j;i/5i<^J/:7 s;>^:7ac::i;i/^>^>. 2, 3, 4, 5-lfUi/ 

ffyW^m. 1. 2, 3, 4--/^>7^b^:^j;i/3j^>^^if©agJK]^5^h^:*>'I/jK 

> ^s. t^* X n b CD 2 ^M^K^f ife zi n e> o s^' ;!j ;i/ >K > ^ s^'^/N □ > ^fcife/ ^ ^* 

[0 0 7 0] 
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<DM.i^mt.Lxii. 4, 4' -i/r J i/y 3L-)]yr ^ 3, 4' -^/'t^^^ 

-M (4 -T^ y :7x-;i/) 7jN;i/AT^ K. N- [4 { (4 -r^ y7ain;i/ 
^ ^;i/;K-;i/T$ y ) 7jc-;i/1 (4 -t ^ y ^;i/Ay^ K^^^^tf 

^n-&o ^7^, ^ne>©e;T^ >^:$3^®2itt^J^^_h$:m'&L/T^Mt-s:l^l=foT' 
#'&c 

[0 0 7 1] 

N- [3 { {4 -r ^ J y ?!j;i//}?-;i/T^ /} yaL-)^] (4-t^7 

L/V^o 

[0 0 7 2] 

[<b 1 5 ] 



(Dmi^^&^om.^^fj^h^^v'^-m^cDz 0 — 10 o^;i/%-g-tfii:*w*b 

<, 5 o~i 0 o^;i/%*^5gic^fjgT^^o 

[0 0 7 3] 

It. v-y3L-\/yi?r^y. m-y :c-uyvr ^y. 2, b-tyy ^ J hjv 
x>, 2, 6 -i/'T^ 7 h;vx>. 4, 4' -i/'T^ / t^:7x=-;b, 3, 3' - 
i^:^^jv-4, 4' -i/r^ J \^y3L—)v. 3, 3' -e;^hdp>>-4, 4' - 
^ J i^y i/r ^ J i/y ^ y, ^ J vy 3L-)\/:r.-^)\y 
, 2, 2' -s;t^ y t?"7ai:^;i/:;^nA>, i^;^ (3, 5 -i/x5^;i/- 4 -T^ 




2 9 
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• 



PT^ Ji-y-$iiyy. 1, 4-if7. (4 -T^ y / ^^>) ^y-\fy. i, 4 
iA-T^jy^L-jv) KyUy. 9, i o - tf;^. (4 -t^ y :7ac:^;i/ 

) T>h^-fe>, 1, 3-\fy. {A-T^jyx.J^t/) 4, 4' - 

tf>?. (4 -T^ y :7aiy ^i/) 2, 2-1^;?. [4- (4- 

y^y73iy=3p-» 73:-;i/] >^aA>. 2, 2-tfx (4 -T^ y :7x— 

^=3iri^7;i/:tnyD 2, 2 - :^ [4- (4 -T^ y -7 31^ ^i/) y 3l — 

ty}\y) i^^yJkXS-'d.y^ (4 -T^ ^ - 3 -;i^;L'i/i^ n^^i/;i/) ^ >^<Z)flg 



[0 0 7 4] 

CH3 

[0 0 7 5] 

^fc. >^i/^;bh^$:i«*-g>e6^T\ 4, 4' -2;t^ y - 3 - K^^i/ 

^m^6~2 0(DMm7)\y^JVm^^-t^i^T^y^mm-t^:ittf^X'^^o r 
tl^Oi/'T^ ^fi^tS-C^ 1 a^^fe«2S^^±$:ig^bT^M-tSr il%T't§ 

o 

[0 0 7 6] 
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[0 0 7 7] 

jKU-f ^ Ftalg^®Jg7t:Jte/KliO. 0 5 — 3. Odl/g (?a;S3 Ot;(DN-^ 
^;i/trn U K^cfJ, ?gSO. 5g/dl),J:U^f^U<liO. 2-3. Odl 

[0 0 7 8] 
[0 0 7 9] 

'rh'9it3)v:^ymRrf'e(Dmm^i^t-:/r^y(DKmm^umit- 2 o~i 5 o 

6«I-r ^ FMb^r^f grille J; ^ Fffr-5 3i:*>T^eo 
[0 0 8 0] 

^t^. /KU-f ^ F^m$:?^fi^-r-&l^lCtijl^ii3j<U-r ^ Fiali<*^?^5:^®* 
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[0 0 8 1] 

x^;i/;tj;i/if h-;i/riZ7^- h, i/>^^*u =3-;i/^*^#if e> 

[0 0 8 2] 

tt^. m^±viMm^ ^ Ffk^-s-s^a^iii O 0~4 o ox;®^^©?^^?:*?! 
m-t^^iiits^x-^^f)\ #ici 5 0 — 3 5 ox:©^HAW^ bv^„ 

[0 0 8 3] 
[0 0 8 4] 

^0 $ -r 3 i: T ^ -5 = 

[0 0 8 5] 

^coM^bT«, 2-brnUF>, N-^^;i/tfn U F>. N-x^ 
;n^n';F>, n- tf^;nf □ u f>, n, n -i^^^^;i/T-fe FT^ F, n, n 

[0 0 8 6] 



3 2 
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;i/ifh-;i/, l>-;i/T-fe5^- 1/>^^U =i-;i/^7b^#if e^ti 

[0 0 8 7] 

%\%^ 0 — 20 orjbW^ Lv>„ 
[0 0 8 8] 

li^cVA*^ aS(^?g[SgHfnIlli: LXmM^ti^±X 10 — 3 0 0 0 nmibmmx 
[0 0 8 9] 

L/T»#^C^^S^l3&V^;()\ — ^tCttl 0 0 nni~4 0 0 n mCD^HT-fe-S Zl 
[0 0 9 0] 

[0 0 9 1 ] 
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[0 0 9 2] 

^*^^T, 4- (4' -r^jy:iLj^i/) ^m#^2 7. 5 1 g (1 2 0 
mmol) tm-r^ J^M^^^l e. 46g (120mmol) §:N-;t^;b 

tfDUF^ (^j^TNMPim^) izi 4 4 c cizmMLtco ^omwuzMv z^mh 

V -7 3^ — ;^! 14. 31g (368. 4 mmo 1) , U 3. 9 7 c c 

jiRr^*n^feo ^ni: 1 0 ot:t'2 3^ra^#Lfec m^nr^^j^m^m^NMP 
hnr^^<VT^ Y^^NMFizmmv. '^(DMTiBm^m^vr^iiz.^. o. 92 

d 1 / g (ti^O. 5 g/d 1, NMPtfJ, 3 or;) Tfeofec 
[0 0 9 3] 

z.0^V7^ FS:NMPS:t)f:/^;i/-feny;v>^ (JS^T b s ©^S-^^^ ( 
MiitS 0:20) ic^^$i±, *t.@?^^5Ma%®^?K5:MML;t= 
$:7?f^XiK'E±lC4 0 0 0 r p mTr^tf>=i- h ■:3V^T' 8 or-^? 1 0:$3>, 1 
8 ori? 1 ^K^^S^^^e) ^ilJCi; »J, m^l 0 0 nmO/KUT^ FMSr^iS 

0WO®]«iE7K^j|fr*^e>?^^:^3 0 0 nm—S 3 0 n m©M3fc^i^?^^ 4 5 #r4M 
tJLfcc M3t^^^$:mi*L7^««2tJc$:jKUT$ FS*^l^fllI$:r«I%, MMLfc 
M^^^^(Z):3^[^J*^SV^^C5^I^f tc;^^a:e)lC, e /im(D7KU'7-M!iS^^$:^^T' 
hUh:^y ^^m&.±lZ'9?:-h. (^;i/^?±igZLI-2 2 9 3) S:?£Abfeo 



ffilE#^ 11-3065803 



#3p 10 — 24049 1 

i:7b'^5l^.$tl7tc *7^, mi5ft--&lB)fe^^^®?«^:RS: 2 4 0 nm—Z 8 0 nmlC 
SB foi L T V ^ s r i: *^ 51 ^ $ . 

[0 0 9 4] 

S^^?)llT, m-T^ >^^A#^0. 30 g (2. 19mmol) i:p-r^ 
y^JR^mO. 20g (1. 4 6mmol) ^NMPICS. S Z c clzmMhtz^ 
c Z.(Dmmz.m^)ZymV^)y :r.—)\^l . 36g (4. SSmmol). \^ViPy 
0. 6 5 c c 5:Jl!g7^M;lJto 3^1^ 1 0 0"CT' 1 8 ^P5^#b;to ^me^tl^jK^S 

l/feo ±IB^f^S:IIS^y>gb, 3ffiSS$:^fo:t^:i5 0. 4 1 g(Z)j}<U T ^ K*^ 

5. 0. 7 1dl/g (a;SO. 5g/dl, NMPtfi, 3 0 "C) Tfeo:to 
[0 0 9 5] 

3(Z)7Ky K^NMP;Rt)fB SOU^mm (m»Jt 8 0:2 0) lC^^$-& 

mT'>?.tr>n- b ov^T 8 ot:-e 1 05^. i 8 orzi: im^mi^M^no ^ 

tiZ^V. 1 0 0 nm<Z)/KUT^ F0$:#i^b:fec USSM 1 CD:&^i: I^«IIC 
. jKU mC-ig^^^l^^^g^TRS 0 0 nm'~3 3 0 nm$: 9 0#^*:t«2 4 
0 nm~2 8 0 nm?: 1 ^^MMbfe^, b fe= zm^O-fe;i/$: 



miE#¥ 1 1-3065803 



#^ 10 — 24049 1' 



[0 0 9 6] 

mm%^r. 4-:^^jv-m-r^ j^M^mmo. 2 eg (i. 7 2mmoi 

) Hp - r ^ J^M^^WO. 25 g (1. 7 2mniol) S:NMPJC3. 33 c 

cizmMLr=.o :i(Dmmzmvymhv 3 eg (4. 3 8minoi 

), t'Ut;>0. 6 5 c c $:jlS?^lnix.:t„ 3^5: 1 0 O-CT' 1 8^ra^#bfeo 

m^i^r=.tZ?>. 0. 73dl/g (a^O. 5g/dl, NMPtfJ, 30t:) 
[0 0 9 7] 

^(D/KUT^ K$:NMPJll>*B S ©2^-^^^ (fiiit 8 0:2 0) IZ^M^-^ 
, ifef-H^^^^-eMiro^^^S^rM^bfeo r©^?SS:;V^;^*«±lc2 8 0 0 r p 
ml?y^tr>3- b b, oV^T' 8 O-C-e 1 0:9-, 1 8 0*CT' 1 e) r 

i:{cj:y, 1 0 0 nm©3K u Km?:#igbfeo MMm i(D:^^tmmiz 

> jKUT^ F]^lC'(i7^^^«:R 3 0 0 nm~3 3 0 nm^4 5#^^feli2 4 
0 nm'-2 8 0 nm^ 1 2^^^mtifb:t^. bfec me)©-fe;i/ 

[0 0 9 8] 

5IJC'f^$gLfe2oc?)IS^ir;i/$: 1 2 0 °C©:t-:/>tf 1 ^mm^M^n-ot:. 



ffi!iE#¥i 1 



-3065803 



#5}! 10—240491 

^m^^uT. 4\fy^Jhmi7U^>(]^2. 01 g (9. 9mmol) i: 4 , 4 
' -Vr^ J tyy ai—)l:ii~^;i/2. OOg (l O. Ommol) $:NMP{C2 

6. 1 3 c cizmmLt=.o ^(Dmmz^vpy3. b e c c^m^. 

F^rNMPJC^^L. ^(Dm7b^m^m^l^t=.tZ.?>. 0. 76dl/g 

0. 5g/di, NMPtfi, sox:) -e^ofeo 

[0 0 9 9] 

ZLOtKU K$:NMP;gLtJfB SCOM"^^^ (M»it8 0:2 0) tC^l^^it 
. li®?^:$^6a4%©^?gS:MMbfco 3©^?gS::*r^x»:K±lc3 0 0 0 r p 
in-e;^lf h ■^V^■T? 8 OICT' 1 0^, 1 8 0 7? 1 ^^^^OiS S) 3 

hic<fcy, 1 O 0 nm®/Ky FI^$:#^Lfco ^iSM 1 l^^lc 
, /KUT^ Fm{C{S)t^^^?S:S3 0 0 nm~3 3 0 nm$: 9 0#^^fcli2 4 
0 nm-2 8 0 nm$: 1 ^OT.MUit^, ?^^-fe;i/ $:f^$g L T^c 3 OD -fe ;i/ 

[0 10 0] 

JStCf^^L:t2o(Z)?£^-fe;i/$: 1 2 0 °C®:t- >''>4J-e 1 ^^^^OiSSr^f o 7t 

mm^^T. 4, 4' -i^:^JVii^^iyV7 :n:z.J\y:iL~^JV2. 5 7g (9. 9 
mmol) hp -Z7 3L—lyyi^7^y 1 . 08g (10. Ommol) SrNMP 
IC2 4. 3 3 cc(C^^Lto 3CD^IKlcMU>lEh U >'ai::i;i/7. 4 5g (2 
4. Ommol). \fWy3. 5 6 c c ^mJklJa^^ 8 0 X:i:' 6 m^W. 



ai|E#5p 1 1-3065803 



#^ 10—24049 



gCDvKUT^ KA^fi^tife. #e3ti:t>K'J K&NMPIC^^SL. ^<7)M7cite 
^$:?l!l^bfci:Zl-3. O. 7 8dl/g (^^0. 5g/dl, NMPtf^, 3 0 

[0 10 11 

rcJDJKUT^ K$:NMP:g:Z^B S®?g-a-^^ («»Jt8 0: 2 0) tC^g?$-^ 
, ifet@?^:$3'6«»%©^?SS:M^b7^= Z.<Dm^^iS^:^m^±iZ3 1 0 0 r p 
mVX\:fyz2- h OVNT' 8 OTCe 1 0^, 1 8 OXZX^ immWk^M^n^ ' 
i:Jcj;y, 1 0 0 nmCDJJfy KM$:#igb^c„ ^iSM 1 a);?iSi:l^^lc 
, *v°UT^ KmiC'Ci3t^^lSM«3 0 0 nm~3 3 Onm$:4 5#^^feli2 4 
0 nm-'2 8 0 nm5: 1 2:J5'r^MM Lfc^, ?g^-fe;i/^|^Sgb7^„ ZtlbCD-^JV 

[0102] 

MlCf^$gLfc2o©?S^-fe;b$: 1 2 0 ^^^tfriJl^ra^^JtaSr^fofc 

^m^^r. -< Vy^Jim^n^^ ^2. Olg (9, 9mmol) i:4, 4 
' - ^:/T^ y i/7 3i::i;i/;>^:5f > 1 . 9 8g (10. Ommol) ?:NMPIC26 
. 6 0ccC^fi¥bfco Z.ommz}£^)VyZ. 56cc?:iD^. ZltlS:- 7 8 

jIL. «igS:^fo 5^^:153. 7 5 g®>J<U K^^#e>:rifc= #e>tlfeJi<UT 
^ K$:NMPIC^^L, ^CDiS7t:iKf;gS:?Ri^b^il3.5. 0. 6 9dl/g (?i 
^0. 5g/dl, NMPnfJ, 30X:) T'feofeo 
[0103] 

3(^)7}<U K5:NMP;SLtKB SODil'^^^ (M*it 8 0 : 2 0) lC^^$-ti: 
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t 

/(^5]2 10 — 240491 

> f^Mm'^e&A^/oomm^mmi^r^o :i(Dmm^i:f^^mwt±iz2 2 o o r p 

mx-y^if yn- hi^. ov^T 8 0-ci? 1 0:$^, I 8 ox:i:' it^mm^m^n^ :i 

mzjiv. 1 0 0 nmo^Ku KK$:f^i^L^c„ mmm 1 <D:^mt.mmiz 

. /KUT^ \^mizm%m^^3 O O nm~3 3 0 nm(D^^^^^2:9 O^HM 
[0104] 

mmmi 

^^^^T, -r y7^;i/m^D^-r F2. 01 g (9. 9mmoi) ^4, 4 

• -i/T^ y ^^y^acy > 2. 12g (10. Ommol) ^NMPIC27. 

F^rNMPlC^^b, ^OM5T;)KS5:?l!l^bfci:r5, 0, Tldl/g (MS 
0. 5g/dl, NMPcfi. SOr) X&-otz. 
[0 10 5] 

^(DyJfUT^ K$:NMP^5:t>*B SCD^g-^^^ (M»it 8 0 : 2 0) IC^M^-^ 
, ifet@?^^^6m*%a)^M$:liMbfec rCD^?^^:**^X»«_h{C2 3 0 0 r p 

mvy^if>n-hL. -=>v\-e 8 or-e 1 0^, i s o-c-e i ^rai^^li$:4f 

^ICJ:*;, 1 0 0 nm©3j<VT^ HiSM 1 H^IC 

. i; T ^ KmJcM3t^^|g?^^:S 300nm~330nin$:7^30 mPmmm 
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4f ip. 10 — 24049 



[0106] 

^m^^T. 4, 4' -i/'?!7;i/df#i/i^'7x—;i/;^ 3. 03g (9. 9 

mmol) -y a^—lyZyt/T ^> 1 . 08g (10. 0 mm o 1 ) S: NM P 
tC2 7. 4 0 ccJC^fi?Lfe= Z:(D^?gtC3£U >^MJ 7aL-;i/7. 4 5g (2 
4. Ommol), tfU^:/^>3. 5 6 c c $:|lirj^An^, ZltlS: 8 0 Tf 6 ^^ii 

fciS4)-^$:5igL^i^L:to ±mmf^^nm^')Mi.. mm^^7^r^tz?>s. 
4 9 g©7KUT^ \^t)m^nr^. m^nt^:i<vr^ ]^^NMPKmmL. ton 

n:*fiS$:M^Lfciir6, 0. 73d 1/g (ti^O. 5g/dl, NMPcp, 
3 or) T'feoT^o 
[0 10 7] 

3®>}<IIT^ K$:NMP:S:0^B S®?^-^^^ (MSit 8 0 : 2 0) IC^^Sii: 
, *^,@?^^6«»%(D^M2:MMLfeo r®^M5:;^J*^>^»^J:lC2 6 0 0 r p 

m-e7.tf h ov^-e8 ox:t' 1 0^, i 8 or-e i ^M^^assr^f e> ^ 

i:lCJ:tJ, 1 0 0 nm(Z):jf UT^ KmSrf^^bfeo HJgM 1 ©^^-^fei: l^fillC 
, /KUr ^ KmiCM3fe^^f^iS:S3 00nm'-330nm$:7^3 0#r^^fc« 
2 4 0 nin~2 8 0 nm$: 1 2^^fiSMLfc^. ?K^-fe;i/$:'f^^U;feo Z:tie>(D 

[0108] 

5itcf^$gLfc2o©?g^-fe;i/$: 1 2 ot:®>r->^>tfiT' 1 nmmvm^^^tc 
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mm^^r. ^v^^)\^m^u=^^ K2. oig o. 9mmoi) n^, 3 

' -$/pt5^;i/-4, 4' -Vr K J \fy :r.—)\^Z. 12g (10. Ommol) 
^NMP{C2 7. 5 3 c c{C^gSL/:/c„ Z.O)mmz\^^) 3 . 5 6 c c ^j&Dx. 

#e>n^^UT^ F$:NMPIC^^L, ^®M7c5KiS?:?R!i^ bfe t 3 5. 0. 7 
2 d 1/g (?iSO. 5 g/d 1, NMPcfi, 3 0"C) T-feofco 
[0 10 9] 

:n<D:KUT^ F^NMPS-tJ^B S®?!-^^^ (fi»ifc 8 0:2 0) iC^M^-fr 
, ^.H?^:J5-6fi»%®^?«§:MML3to 3CD^?g$:5!/^ J^a«±lC 2 2 0 0 r p 

m"r->c.if>3- h b, ov^T' 8 ot^-e 1 o:$3\ 1 8 or-e 1 ^Kl^^Q;a$:^?e)Z: 

, 4n°UT^ Kl^JCM3t^^^?i^:S3 0 0 nm~3 3 0 nm^4 5#r^^fctt2 4 
0 nm~2 8 0 nmS: 1 2:9-raMML^^, Srf^i^ U fe. 

[0 110] 

MtC#^b:t 2o(D?^^-fe;i/$: 1 2 ox:®:t-:/>4'7? 1 ^^I^^S^^fofc 

IIJiM 1 0 

^^^?^T, 1, 3 n^:^-9-> 1 . 7 0g (9. 9mino 
1) i:4, 4' -i^'T ^ y i;>':7ain;i/x-5^;b2. 0 0 g (10. Ommol) 
$:NMPIC2 4. 6 7 cc(C^^Lfco 3 (D^?|^JCM U >^ h U :7 jc 7 . 4 
5g (2 4mmol) , trU^'>3. 5 6 c c $:iDX., rtl 8 0 6 



y[j|l4f 5JI 1 1-3065803 



10-24049 



t=.m^'f-^?>Mvm,mLt^o ±mm^^nmm'jML. mm^n^r=.t:i?>s. 

3 ox:) •c$>o;^, 

[0 1 1 1] 

:i<D^s^Jr^Y^^NMPRXfBS(DM^mm (M»Jt8 0 : 2 0) lC^^f$i± 
. mMm^6mM%<Dmmt:mmLt=.. 3CD^M?:?!/5X««J:IC1 S O O r p 
mTJ^tf >u- h oV^T'8 O-CT- 1 0^, 1 8 0 m^WiMM^no ^ t. 
lCj:y, 1 0 0 nmOJifUT^ FK$:#i^b7t„ MmM 1 <D:^miimmiZ^ 
tKU T ^ \^mizm^mM^ 240nin'-280n m®<R^^^?^$: 1 2 i^KKM 

[0 112] 

Micf^igbfe?SH^ir;i/$: 1 2 oic(Z)>r->^>cpT 1 mmmmm^n^r=.^. ^ 

HJSM 1 1 

mm^mr. >r v:7^;i/^i^Dv-Y F2. oig o. smmoi) ii3, 4 

' - S/T$ y i/:7ai:^;i'X-x;i/2. OOg (lO. Ommo l) S:NMPiC2 

iib, mm^n-or:itza3. 4 i g^^ur^ ^^^i^jkut 

^ K$:NMP^C^j^L, ^(^ii5t;5te;g^?M^U;ti:3 5. 0. 8 2dl/g (^i 
^0. 5g/dl. NMPcfi, 301C) T'^o7^ = 
[0 1 13] 
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Z(D7i<Vr ^ }^^NMPRZfB SOU-^mm (M*Jt 8 0 : 2 0) (C^^^it 

, m-mm^^mmVoCDrnm^mmLt^. ^omm^ii^:^m^±iz2 5 o o r p 

mTXtr>=i- b L> oV^T'8 CC-e 1 0:$^, 1 8 0 ICT' 1 ^Hl^^OiSSr^f o 3 
iltCckU, 1 0 0 nmO/KUT^ Ki^Sr^^MLfco HiSM 1 0:^^^^: l^'^tC 
. 7KU7$ j^miZ^^mm&MrB^S O O nm~3 3 O niii^7>?»3 Of^F^l^^ti 
2 4 0 nm'-2 8 0 nm^ 1 2^mmmvr^^. ?K^i2;i/$:f^^L/^c ZLtl^O 

[0114] 

JgJC#^bfe2o(D?S^-fe;i/$: 1 2 0°C®:r->^'>itiT 1 ^W^^S^r^fofc 

mmm i 2 

^^^dST, 7=-l/>'3f;i/^^ K2. Gig (9. 9mmol) i: 3 , 4 

' -t>'T^ y y ^'x— ;i/n:-5^;i/2. 00 g (10. Ommol) S:NMPlC2 
6. 7 3 c c lC^fi¥b:fe„ Z:©^?iKCtf ij 3. 5 6 c c ^*DA, Z:tl$:-7 

yjgb, mm^n^r=.t:i?>s. 4 1 g^/Kur^ K*^f#e>tiyt„ m^tir^^v 

F$:NMPtC^^b. ^©M^ite^S:?!!!l^l/fci:r 5, 0. 82dl/g ( 
mmo. 5g/dl, NMPcfj, 30r) T^o^o 
[0 115] 

Zl^/KUT^ K$:NMP;S.t>'B S®?^-^^^ (fi*Jt8 0 : 2 0) IC^fil^-ti: 
, *^.®?^:J^5M»%®^?^%MMbfe= 3©?^?gl::jt3*^>?.S*S-b{C2 5 0 0 r p 
mTXtf^zi- h ov^l?8 Oti-e 1 0:^^. 1 8 O 1C T 1 ^K^^S $:^ff 3 

iiiciu, 1 0 0 nm^jjfUT^ Ki^irf^^LT^o mmm i(D:^^t.mmiz 

. 3KUr^ KUlCii^^^^i^^^RS 0 0 nm~3 3 O nm$:7:S-3 Ofmtf^lt 
2 4 0 nm~2 8 0 nm$: 1 2^^^MltUfc^, m^n^ J^y^i^Ml^tco ^tl^j® 



4 3 
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4f ^ 10 — 24 049 



[0116] 

IlifeM 1 3 

M^^if^T, -r V>'^;i/^^a^-r K2. Olg O. 9mmol) il2, 2 
-Ify^ [4- (4-7'^y>'ai>^^Sy) y'oi — ;v] yo>'i>4. l O g (l o. 
Ommol) S:NMP4 0. 7 3 c c iC^^j? Lifeo 3(D^?KiC H° U 3 . 5 6 

^4^fco =»e>ti:tiJ<i;T^ K^NMPfC^^^L/, -^©MtcSS;^^:?!!^ bfci: r 5 
, 0. 92dl/'g (a^O. 5g/dl, SOX:) T'^ofc. 

[0 117] 

rOvKU T$ KSrNMPSltJ^B SC?)lg'^^^ («4J:fc 8 0 : 2 0) IzmM^'^ 

. mmm^5mm%(7)m^^mmi^t=.o :i(Dmm^ii^ ^m^±iz4. o o o r p 
niT>^tr>n- h ^v\T'8 orx- 1 0 4)-. 1 8 or; 1 ^r^i^^s^r^f e> Zl 

. tKUT^ FI^JCii3%^^^S^;R3 O0nm'-330ninS:7:e-3 Ofpm^t^it 
2 4 0 nm'-2 8 0 nin$: 1 2:9-r^miifb^^, ?g^-fe;i/l:#$Sb:to 

[0 118] 

3€lCf^$gLfe2o<55?^H^-fe;i/$: 1 2 0 *C (0:^- :>^>4iT' 1 ^^I^^S^r^f o 
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mmm i 4 

^m^^r> ^)Vm^n^4 ]^2. Olg O. 9mmol) t.2, 2 

-tfx [4- (4 -T^ >^ ^'x/ ^i/) :7xn;i/] :/n>'\°>4. lOg (lO. 
Ommo 1) $:NMPtC4 0. 7 3 cctC^figbfco ZlO^MtC bf U 3 . 5 
6cc$:iD;t, Z::^?: - 7 8 T:*^e,^^a^C*^^■tT 1 ^P^Ji^bJto #bnjtjKJC& 

5, 1. 23dl/g (iiSO. 5 g/d 1> NMPtfi, 3 Ot:) Tfeo^o 
[0 119] 

Z:CD>}<y K&NMPjgLt^B SOig-a-^^ («»J:b8 0 : 2 0) lC^^$i± 
m-e>?>tf h •oV^T' 8 or;T 1 0:$)-, 1 8 0 °C7? 1 ^Kl^^S^r^f 3 

ttcit;, p$ 1 0 0 nmO/KU m^f^S^b^o Hit^ 1 

, ^Vr ^Vmizm^m^m^^3 O O nm-S 3 O nm$: 75)'3 Ofpm^f^it 
2 4 0 nm~2 8 0 nmS: 1 2^^P^fi?,tifLfc^, ?gS-fe;^5:f^SSb:^o ^tl^O 

[01 20] 

JElCf^J^JLit 2o(DM^-fe;i/S: 1 2 0 t:®;r-y>4'T- 1 ^P^I^^Q;S$:^f o ;^ 

mmmi 5 

^^^^T, 7^l/:7^;i/^^n^-r K2. Olg (9. 9mmol) H 4: - :^ 
^;V-m-y jc-ly^tyy 1 . 3 8g (10. Ommol) $:NMP22. 
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SrNMPtC^^L, ^(Dm7X.mm^m^ht=.il^a. 0. 9 3dl/g (^^0 
. 5g/di,NMP*, 3 ox:) T$>o:t„ 

[0121] 

^(D^vr^ }^^NMPjkxj^B s(DU^mm (m*Jt8 0:20 izmm^-^ 
, nmm^'^^M&%<D^w.^mmLr^o z<Dmm^is^::^m^±i^s 3 0 0 r p 

mT'>^tf>=3- hL. oV^T 8 OiCT' 1 0 43\ 1 8 0 "D 1 ©^^^0;^$:^?^) CI 
i:lCi:»J. M$ 1 0 0 nmCOJifU Fl^^f^i^bfeo HJfeM 1 <D:&Si: l«l#ic 
> jKU r ^ Kl^tC-lB^^^J^lg^* 300nm~330nm$:90 fPrnttcit 2 4 
0 nin'-2 8 0 nm$: 1 2i5-rBimiifbfc^, ?^^-fe;i/S:^^Lfco Z.tl^(D-^J\^ 

[0 12 2] 

JtfeMi 

6 • 6-^-4 uy i^^mmz 0 0 0 0, iS^:7.m^^^fi^4. bX:) $:m-^ u 

IC 5 0 0 0 r p iii-e:^1:f>=3- h •OV^T 8 QTCT' 1 0 53\ 18 0'C-ei^^ 

6^>( uyomizmmmi (D:^^mtmmiz^ m^m^^n^^s o o niii-'3 3 o 

nm^: 1 b^m^t^lt2 4 0 nm—E 8 0 nm$: 1 ^^MM bfe^, 

B^?:^bT, ?^^li^<@eiolb^*^o^<. 
it^M2 

Mm^^T> H'n^ U hm-M7K#7 2. 14g (9. Smmol) HA, 4 
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' -i^r^Jt:^yji—JV:J^-v^)V2. 00 g (10. Ommol) $:NMP2 7 

. eocctf. ^uv2mms.!^-^'^^v4^]^mm^mm^mmi.t=.o m^R 
mitmMjKrDi^-izm^TX^. m.jx.i^mo. 94di/g (ti^o. sg/di, 

[0 12 3] 

3®7K U>r ^ Ftalgf*J$:NMP^tJfB SOM-^^^ (fiMit 8 0 : 2 0) ICJ: 
y^>@?^:$)-4%©^?gL$:iSML^o 3(^^?g$r5!/^>^.»«JtJC4 0 0 0 r pmT^ 

ov^T' 8 o'C"^ 1 0:$>. 2 5 or;-^ 1 ^r^^^SSr^f grille 

<ky, 1 0 0 nin(D;Jf y-r ^ KK$:f^i^Lfec /K 
y-r ^ Vm\ZU9t^^nm.^Z O O nm-S S O nmS: 1 5^r^^itli2 4 0 n 
m~2 8 0 nm$: l^l^MMLfe^, M^-fe;!/?:^^ L>to ^tl ejCD-fe;i/^^3t 

:^<U h (^^4^2 0 0 0 0) ^nn^>if>^s^'^ 

?S^:35/^>^S:K±ic2 0 0 0 r p m-e:^if >=i- h ov^T• 8 ox:"e 1 0:$^, 

1 0 or T 1 m^1mm9im-^noZ.}l\Zii $ l O O nmCD^l^^'f^^b}'^ 

o Z.(D'^^)\^—)\^iyZy^:K-hmz. 1 ^im^fC?^^:R3 0 0 n m— 3 3 0 

^^^2IT> i/^D^^ h^5!j;i/5K>m-M*2©l . 92g (9. 8 mm 

oi) i:2, 2-i:f;^ [4- (4 -r ^ y :7rcy :7jcn;b] yny\°>4. 

lOg (10. Ommol) NMP4 0. 1 3 g , ^^ST- 3 ^WM/S^ it 
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1 . 0 3 d l/g immo. 5 g/d 1, NMPcfi, 3 0*C) <Z)/KU-f ^ KItfIg 
[0124] 

:i(Z)7Ku>r $ }^mmMPNUp TiinB s <Dm.^mm (mmits o : 2 o) tcj: 
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[Document Name] Specification 

[Title of Invention] Liquid crystal alignment agent, liquid crystal device 
using the same and method for alignment of liquid crystal molecules 
[Claims] 

[Claim 1] A liquid crystal alignment agent used in a method for 
alignment of liquid crystal molecules comprising irradiating a polymer thin film 
formed on a substrate with light or an electron beam at a fixed direction to a face 
of the substrate and aligning liquid crystal molecules on the substrate without 
any rubbing treatment, characterized in that the liquid crystal alignment agent 
comprises a polymer compound having in its side chain or main chain an amide 
group with a ring structure at both ends or one end thereof, and having a 
reduced viscosity of 0.05 to 3.0 dl/g (at a concentration of 0.5 g/dl in N-methyl- 
2-pyrrolidone at 30X). 

[Claim 2] The liquid crystal alignment agent according to claim 1, 

wherein the ring structure is an aromatic ring or an aliphatic ring. 

[Claim 3] The liquid crystal alignment agent according to claim 1 
or 2, wherein the polymer compound is a polyamide. 

[Claim 4] The liquid crystal alignment agent according to claim 3, 

wherein the polymer compound is a polyamide comprising a repeating unit of 
general formula (1), (2a) or (2b) 

o o 

o 

C-R^-N- (2 a) 

H 

O 

C— R'-N— (2 b) 

wherein R\ R^. and R"* are divalent organic groups, and at least one of and 
R^ or at least one of R^ and R"* comprises a ring structure. 

[Claim 5] The liquid crystal alignment agent according to any one 

of claims 1 to 4, wherein the ring structure is selected from the divalent organic 
groups represented by general formulae (3) to (6) 



1 



(3) 




(5) 



(6) 



(4) 



wherein X\ X^, X^, X'', X* and X® are independently of one another a single bond, 
O. CO2OCO, CH2O, NHCO or CONH, R=, R^ R^ R^ and R'°are 
independently of one another hydrogen atom, halogen atom, C1-C24 alkyi, C1-C24 
alky! containing fluorine, C2-C24 alkenyl, C2-C24 alkynyl or a phenyl, is O, S, SS, 
CO. CO2. SO2, CH2. NH, NHCO, Y^-Ar'-Y^, Y^-(CH2)n'-Y'* or Y^-Ar'-R^-Ar'-Y^ Y", 
Y^, Y^ Y^ Y* and Y^ are independently of one another O, S, SS, CO, CO2, SO2, 
CH2, NH or NHCO, n^ is an integer of 1 to 10, R^^ Is a straight or bi-anched lower 
alkylene containing 1 to 5 carbon atoms, a fluoroalkylene or alkylenedioxy, and 
Ar\ Ar^ and Ar^ are independently of one another a group represented by 
formula (7), (8) or (9) 



X^ X^ X®, X^° and X^^ are independently of one another a single bond, O, CO2, 
OCO, CH2O, NHCO or CONH, R^^ R^^ R^® and R^^are independently of one 
another hydrogen atom, halogen atom, C1-C24 alkyI, C1-C24 alkyI containing 
fluorine, C2-C24 alkenyl, C2-C24 alkynyl or a phenyl, m^ is an integer of 1 to 4 and 
m== is an integer of 1 to 3. with proviso that R^ R^ R^ R^ R^ R'°. R'^ R", R'\ R'' 
and R'^are hydrogen atom or halogen atom, then X\ X^ X^ X*. X^ X^ X^ X^ X^ 
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and X^^ are single bonds. 

[Claim 6] The liquid crystal alignment agent according to claim 4 
or 5. wherein and in the formula (1) or R^ and R'* in the formulae (2a) and 
(2b) are selected from groups represented by formulae (10) to (20) 

(10> ClO (12> 

CIS) (16) 

<17> ^ie> 
H3C CH3 o H 



(I 9) 



(2 0) 



[Claim 7] The liquid crystal alignment agent according to claim 1 
or 2, wherein the polymer compound is a polyimide precursor or a polyimide 
obtained by chemical or heat imidization of a polyimide precursor. 

[Claim 8] The liquid crystal alignment agent according to claim 7, 
wherein the polymer compound is a polyimide precursor or a polyimide obtained 
by chemical or heat imidization of a polyimide precursor with a repeating unit of 
general formula (21) 



o Oh 



11 11 

3— c. 



\ii (2 1) 



wherein R^^ is a tetravalent organic group, and R^^ is a divalent organic group 
containing an amide group with a ring structure at both ends or one end thereof. 

[Claim 9] The liquid crystal alignment agent according to claim 8, 
wherein R^® in the fomnula (21) is selected from groups represented by formula 
(22) or (23) 



3 



^r^^-^-^ '''' 

(x.U»)„. {^''-^h 

wherein X^^, X^^, X^*, X^* and X^® are independently of one another a single bond, 
O, CO2, OCO, CH2O, NHCO or CONH, R'\ R2°, and R^'are 

independently of one another hydrogen atom, halogen atom, C1-C24 alkyi, C1-C24 
alky! containing fluorine, C2-C24 alkenyl, C2-C24 alkynyl or a phenyl, and is an 
integer of 1 to 4, with proviso that R^°, R'\ R^ and R^are hydrogen atom or 
halogen atom, then X'^ X'^ X'\ X'^ and X'^are single bonds. 

[Claim 10] The liquid crystal alignment agent according to claim 9, 
wherein R^® in the formula (21) is selected from groups represented by fomiula 
(24) or (25) 

H 

wherein R^'^is hydrogen atom, halogen atom. C1-C24 alkyI, C2-C24 alkenyl, C2-C24 
alkynyl, C^-Cza alkoxy, C1-C24 alkoxycarbonyl, C2-C24 alkenyloxy, C2-C24 
alkenyloxycarbonyl, C2-C24 alkynyloxy or C2-C24 alkynyloxycarbonyi. 

[Claim 11] A liquid crystal device produced by using the liquid 
crystal alignment agent according to any one of claims 1 to 10. 

[Claim 12] A method for alignment of liquid crystal molecules 
comprising irradiating a polymer thin film formed on a substrate by using a liquid 
crystal alignment agent with light or an electron beam at a fixed direction to a 
face of the substrate and aligning liquid crystal molecules on the substrate 
without any rubbing treatment, characterized in that the liquid crystal alignment 
agent according to any one of claims 1 to 10 is used. 
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[Detailed Description of the Invention] 
[Field of the Invention] 

The present invention relates to a liquid crystal alignment agent, a 
crystal liquid device produced by using the same and a method for alignment of 
liquid crystal molecules by using the liquid crystal alignment agent. In more 
detail, the present invention relates to a novel liquid crystal alignment agent used 
in a method for alignment of liquid crystal molecules comprising irradiating a 
polymer thin film with light and aligning liquid crystal molecules without any 
rubbing treatment, a liquid crystal device and a method for alignment of liquid 
crystal molecules by using the liquid crystal alignment agent. The agent 
comprising a polymer having a specific unit structure has characteristics that the 
resulting liquid crystal alignment films realize higher sensitivity, heat stability and 
light resistance than that of the prior art. 

[Prior Art] 



Liquid crystal display devices are display devices utilizing electrooptical 
changes of liquid crystal, and an attention has been drawn to their features such 
that the devices are small in size and light in weight, and power consumption is 
small. Accordingly, in recent years, they have undergone remarkable 
developments as display devices for various displays. Among them, an electric 
field effect type (TN type) is representative wherein nematic liquid crystal having 
a positive dielectric anisotropy, is used, liquid crystal molecules are aligned in 
parallel with substrates at the respective interfaces of a pair of mutually opposing 
electrode substrates, and the two substrates are combined so that the alignment 
directions of liquid crystal molecules will cross each other. 

With such a TN type liquid crystal display device, it is important to align 
long axial directions of liquid crystal molecules uniformly in parallel with the 
substrate surface and to align liquid crystal molecules with a constant tilt 



5 



alignment angle (hereinafter referred to as a pre-tilt angle) to the substrate. 

As typical methods for aligning liquid crystal molecules in such a manner, 
two methods have heretofore been known. The first method is a method 
wherein an inorganic substance such as silicon oxide is vapor-deposited from an 
oblique direction to the substrate to fom an inorganic film on the substrate, so 
that the liquid crystal molecules will be aligned in the direction of vapor- 
deposition. This method is not industrially efficient, although constant 
alignment with a predetennined tilt angle can be obtained. 

The second method is a method wherein an organic coating film is formed 
on the substrate surface, and the film surface is rubbed in a predetermined 
direction with a cloth of e.g. nylon or polyester so that liquid crystal molecules 
are aligned in the rubbing direction. An organic coating film (called liquid 
crystal alignment film or alignment film) is usually formed by coating the liquid 
crystal alignment agent over the surface of a substrate. By this method, 
constant alignment can be obtained relatively easily, and this method is 
industrially most commonly employed. As the organic film, polyvinyl alcohol, 
polyoxyethylene, polyamide or polyimide may, for example, be mentioned. 
However, polyimide is most commonly employed from the viewpoint of the 
mechanical strength, chemical stability, thennal stability, etc. As typical 
examples of polyimide used for such liquid crystal alignment films, those 
disclosed in JP-A 61-47932 may be mentioned. 

The treating method for liquid crystal alignment by rubbing polyimide film is 
an industrially useful method which is simple and excellent in productivity. 
However, as the demands for high precision and high performance of liquid 
crystal display devices have increased and new display systems corresponding 
to such demands have been developed, various problems of the rubbing method 
have been pointed out. For example, a STN (Super Twisted Nematic) system 
wherein the twist angle of a TN type liquid crystal display is increased, an AM 
(Active Matrix) system wherein switching elements are formed for individual 
electrodes, and a FLC (ferroelectric) or AFLC (antiferroelectric) system wherein 
ferroelectric liquid crystal or antiferroelectric liquid crystal is employed, may be 
mentioned as such examples. In the STN system, contrast is high, and 
scratches on the alignment film surface formed by rubbing, become display 



response and unifonn alignment of smectic liquid crystal only by simple rubbing 
treatment. In the AM system, the mechanical force or static electricity due to 
rubbing is likely to destroy the switching elements, and dusting by rubbing tends 
to lead to display defects. Since AM system in particular drives liquid crystals 
with semiconductor devices such as TFT (thin film transistor) and basically 
requires absolute cleanability in its semiconductor technology, the process such 
as rubbing is not strictly speaking the best method in practical industrial 
production. 

For the purpose of solving such problems, a so-called "rubbing-less" 
alignment method wherein liquid crystal is aligned without rubbing, has been 
studied, and various methods have been proposed. For example, a method 
wherein photochromic molecules are introduced to the alignment film surface, so 
that molecules on the alignment film surface are aligned by light (JP-A-4-2844), 
a method wherein molecular chains constituting an alignment film, are aligned 
by means of a LB film (Langmuir-BIodgett film) (S. Kobayashi et al, Jpn. J. Appl. 
Phys., 27, 475 (1988)) and a method wherein an alignment film is press-bonded 
on a preliminarily alignment-treated substrate to transfer the alignment (JP-A-6- 
43458), have been studied. However, when the industrial productivity is taken 
into account, they can not be said to be useful as substitutes for the rubbing 
method. 

Whereas, various methods have been proposed wherein periodical 
irregularities are artificially formed on the alignment film surface, and liquid 
crystal molecules are aligned along such irregularities. The most simple 
method of this type is a method wherein a replica having periodical irregularities 
is preliminarily prepared, and a thermoplastic film is heated and pressed thereon 
to transfer the irregularities onto the film (JP-A-4-1 72320, JP-A-4-296820, JP-A- 
4-311926 etc.). By this method, it is certainly possible to prepare a film having 
periodical irregularities on its surface efficiently, but it has been impossible to 
obtain practical reliability as high as a polyimide film used in the rubbing method. 
Whereas, a method has been proposed in which a light with high energy, such 
as electron rays (JP-A-4-97139), a-rays (JP-A-2-19836), X-rays (JP-A-2-2515) 
or eximer laser (JP-A-5-53513), is applied to a polyimide film having high 
reliability to form periodical irregularities on the film surface. However, to use 
a light source fro such high energy, can not hardly be said to be an efficient 



treating method for alignment when an industrial production where alignment 
treatment is continuously carried out uniformly over the entire surface of a large 
size substrate, is taken into consideration. 

On the other hand, as an efficient method for forming periodical 
irregularities on the surface of a polyimide film having high reliability, a 
photolithographic method may be mentioned. The polyimide is used as an 
insulating film for semiconductors by virtue of its high insulating property and 
excellent electric characteristics, and In recent years, a so-called photosensitive 
polyimide has been developed which is a polyimde having a photocurable nature 
by itself. There has been an attempt to form a periodical irregularities by a 
photolighographic method using this photocurable polyimide. By this method, 
irregularities have certainly been formed on the surface of the polyimide film, but 
since the photocurable polyimide was initially developed as an insulating film, 
the properties to align liquid crystal have been inadequate. Further, it has been 
necessary to apply a buffer coating layer (JP-A-4-245224), and consequently, 
the process has been complex and can not be regarded as an efficient treating 
method for alignment which can be a substitute for the rubbing method when the 
industrial productivity is taken into consideration. 

As a new treating method for alignment which has recently been found, a 
method has been proposed in which polarized ultraviolet rays, etc. are applied to 
a polymer film surface to align liquid crystal molecules without carrying out 
rubbing treatment. The following reports are available as such examples. 

W. M. Gibbons et ai. Nature, 351, 49 (1991), Y Kawanishi et sL, Mol. 
Cryst. Loq. Cryst., 218, 153 (1992), M. Shadt ef a/., Jpn. J. Appl. Phys. 31, 2155 
(1992), and Y limura etai, Jpn. J. Appl. Phys. 32, L93 (1993). 

These methods are characterized in that liquid crystal is aligned in a 
predetermined direction by irradiation of polarized light without requiring 
conventional rubbing treatment. These methods have merits such that they are 
free from problems such as static electricity and scratches on the film surface by 
the rubbing method, and the process is simple when industrial production is 
taken into consideration. 
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Namely, the liquid crystal alignment method using irradiation of polarized 
light proposed here is considered to be an attractive method as a new treatment 
method for liquid crystal alignment without requiring rubbing treatment, although 
it is still in a fundamental research stage. 

The use of polymer compounds with light reacting radicals at the side 
chain of polymer molecules as the raw materials in aligning liquid crystal film has 
been proposed in the reports hitherto because of the necessity in getting 
photochemical sensitivity against polarized light. Polyvinyl cinnamate may be a 
typical example of such material and cinnamate as such manifests anisotropy by 
dimerizing at the side chain initiated by light irradiation leading to aligning liquid 
crystals in this case. In other embodiment reported, aligning liquid crystal 
molecules in a certain direction can be achieved by irradiating polarized light 
over the film surface in which low molecular weight dichroism azo dyestuff are 
dispersed into polymer materials. Further, the possibility of the alignment of 
liquid crystal molecules by the irradiation with polarized ultraviolet rays and the 
like over the specific polyimide film has been reported. In this instance, the 
alignment of liquid crystals may be manifested by the decomposition of main 
chain of polyimides in a defined direction. 

Polymer material system with light reacting radical introduced to the side 
chain of polymer exemplified by polyvinyl cinnamate do not show sufficient heat 
resistance against the alignment, and thus is not fully reliable in practical aspect 
of production yet. 

In addition, this means is not necessarily a preferable one for aligning evenly 
liquid crystal molecules and obtaining a firmer alignment because it is assumed 
that the structural part for exerting liquid crystal alignment is a side chain part of 
the polymer. |n regard to the dispersion of low molecular weight dichroism 

dyestuff, stability against heat and light is a problem awaiting solution for 
dispersion system in view of practical aspect as dyestuff which align liquid 
crystals are themselves of low molecular weight. In addition, although 
polyimides themselves show high reliability for heat resistance in the method of 
irradiating polarized ultraviolet rays on specific polyimides, the real possibility of 
not getting full dependability for the future practical use still exists as its 
alignment mechanism is thought to be resulting from the decomposition with 
light. Moreover, decreased productivity can be expected due to high energy for 
light irradiation required for satisfactory alignment of liquid crystals. 



That is, not only an initial alignment of liquid crystals alone but 

also more effective and stable alignment are necessary in order for the practical 
application of aligning liquid crystals by the irradiation of polarized light from the 
standpoint of reliability and productivity. In preparing practical industrial 
application, the selection of polymer structure having high heat and light stability 
as well as finding the liquid crystal alignment agent from polymer material 
system with broader selection latitude are desirable. 

In these respects, materials proposed heretofore for liquid crystal 

alignment with the irradiation of light are not satisfactory in regard to their 
alignment strength and stability in addition to their sensitivity, and therefore 
practical use of rubbing-less alignment with light irradiation is an important issue 
to be considered at present. 

[Problems to be solved by the Invention] 

The object of the present invention relates to the liquid crystal alignment 
agent which can align liquid crystals without rubbing treatment of the liquid 
crystal alignment film by the light irradiation over the liquid crystal alignment film, 
and also relates to the liquid crystal alignment agent of polymer material system 
with the specific unit structure with which uniform and stable alignment of liquid 
crystals can be effectively achieved with their high heat stability and high light 
resistance in regard to the alignment attained. 

[Means for solving the Problems] 

The present inventors finally accomplished the present invention as a result 
of their eager effort in order to solve the above-mentioned problems. That is, 
the present invention relates a liquid crystal alignment agent used in a method 
for alignment of liquid crystal molecules comprising irradiating a polymer thin film 
formed on a substrate with light or an electron beam at a fixed direction to a face 
of the substrate and aligning liquid crystal molecules on the substrate without 
any rubbing treatment, characterized in that the liquid crystal alignment agent 
comprises a polymer compound having in its side chain or main chain an amide 
group with a ring structure at both ends or one end thereof, and having a 
reduced viscosity of 0.05 to 3.0 dl/g (at a concentration of 0.5 g/dl in N-methyl- 
2-pyrrolidone at 30°C), and a liquid crystal device produced by using the same 
and a method for alignment of liquid crystal molecules using the liquid crystal 
alignment agent. 



[Embodiments for carrying out the Invention] 

The liquid crystal alignment agent in the present invention relates to the 
thin polymer film coated and formed on said electrode substrate such as glass or 
plastic film so as to align liquid crystals and to control pre-tilt angle. Namely, the 
liquid crystal alignment agent in the present invention is applied and cured to a 
transparent substrate such as a transparent glass or plastic film as combined 
with a transparent electrode so as to form the thin polymer film, and then 
irradiating light or electron rays over the film in order to produce the liquid crystal 
alignment film without the necessity of rubbing treatment. The liquid crystal 
alignment agent in the present invention is under the normal circumstances used 
in the form of solution. 

As the polymer thin film formed with the liquid crystal alignment agent of the 
present invention, it is essential for the polymer compound for fomiing the film to 
have an amide group and to contain a ring structure at both ends or one end of 
the amide group. That is, it is essential for exerting the effects of the present 
invention, such as efficient realization of even and stable liquid crystal alignment 
on irradiation with light or electron beam to introduce into at least one end of the 
amide group a ring structure not a straight or branched structure. 

This structure may be contained in the side chain of the polymer, and 
preferably in the main chain thereof in viewpoint of stable liquid crystal alignment. 
In addition, it is preferable to contain 20 to 100 mol% of the unit structure of the 
above-mentioned structure containing polymer from viewpoint for making liquid 
crystal molecules align efficiently. 

The ring structure is preferably an aromatic ring or an aliphatic ring in the 
point of even alignment of liquid crystal molecules. In addition, the aromatic 
ring or aliphatic ring may have substituents. Further, it is preferable that the 
polymer has a glass transmission point of 200X or above in order to obtain heat 
stability of alignment. A reaction product obtained after a polymer thin film 
formed on a substrate is chemically changed by irradiation with light or electron 
beam may have a glass transmission point of 200°C or above. 
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The polymer compound of the present invention is not specifically limited as 
long as it has an amide group and a ring structure at both ends or one end of the 
amide group. From the above-mentioned viewpoint, the polymer compound is 
preferably a polyimide precursor containing an amide group at both ends or one 
end of which a ring structure is contained or a polyimide obtained by chemical or 
heat imidization of the polyimide precursor. 

The polymer compound includes, for example a polyamide comprising a 
repeating unit of general formula (1). (2a) or (2b) 

CO 

(2a) 
(2b) 

wherein R\ R^, and R^ are divalent organic groups, and at least one of R^ and 
R^ or at least one of R^ and R"* comprises a ring structure; and from viewpoint of 
practical utility and universal applicability, the ring structure is preferably selected 
from the divalent organic groups represented by general fomiulae (3) to (6) 



-R*-C — N R^— N— 



-R-'-HM— 
H 

~R*— N— 

i 



(3) 



(x'-R')„' 



(4) 



wherein X\ X^, X^ X", X^ and X^ are independently of one another a single bond, 
O, CO2OCO. CH2O, NHCO or CONH, R^ R^ R'. R' and R'°are 
independently of one another hydrogen atom, halogen atom, C1-C24 alkyi, C1-C24 
alkyi containing fluorine, C2-C24 alkenyl, C2-C24 alkynyl or a phenyl, is O, S, SS, 
CO, CO2. SO2, CH2, NH. NHCO, Y^-Ar^-Y^ Y''-(CH2)n'-Y^ or Y^-Ar^-R^-Ar^-Y^ Y^. 
Y^, Y^ Y^ Y® and Y' are independently of one another O, S, SS, CO. CO2, SO2, 



CHj, NH or NHCO. is an integer of 1 to 10, R^^ is a straight or branched lower 
all<ylene containing 1 to 5 carbon atoms, a fluoroall<ylene or alkylenedioxy, and 
Ar\ Ar^ and Ar^ are independently of one another a group represented by 
formula (7), (8) or (9) 



X^ X^ X^ X'° and X" are independently of one another a single bond, O, COj, 
OCO, CH2O, NHCO orCONH, R^^ R" and R^^are independently of one 

another hydrogen atom, halogen atom, 0,-024 a'kyl. C1-O24 alkyi containing 
fluorine, O2-O24 alkenyl, O2-O24 alkynyl or a phenyl, m^ is an integer of 1 to 4 and 
m^ Is an integer of 1 to 3. with proviso that R^ R^ R^ R^ R^ R'°, R'^ R'^ R". R'' 
and R'^are hydrogen atom or halogen atom, then X\ X^ X^ X\ X^ X^ X^ X^ X^ 
X^° and X" are single bonds. 

C1-O24 alky! of R^ R^ R^ R'. R', R'°. R'', R'', R'^ R'' and R'^in the general 
formulae described above includes long chain alkyI groups that are generally 
used, in addition to lower alkyI groups, such as methyl, ethyl, propyl, i-propyl, 
butyl, s-butyl or t-butyl. O1-C24 alky! containing fluorine includes long chain alkyI 
groups containing fluorine that are generally used, in addition to lower alkyI 
groups containing fluorine, such as trifluoromethyl, 2,2,2-trifluoroethyl, 
perfluoroethyl, 3,3,3-trlfluoropropyl, perfluoropropyl, hexafluoro-i-propyl, 3,3,4,4- 
pentafluorobutyl and perfluorobutyl. C2-C24 alkenyl includes long chain alkenyl 
groups that are generally used, in addition to lower alkenyl groups, such as 
ethenyl, allyl. 1-butenyl, 2-butenyl and 3-butenyl. C2-O24 alkynyl includes long 
chain alkynyl groups that are generally used, in addition to lower alkynyl groups, 
such as ethynyl, propagyl, 1-butynyl, 2-butynyl and 3-butynyl. 
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Examples of monomer compounds for the production of dicarboxylic 
acid component corresponding to in the general formula (1) are aromatic or 
aromatic group containing dicarboxylic acids and their acid halide or 
alkylesterification products, such as terephthalic acid, isophtalic acid, 2-methyl- 
isophthalic acid, 4-methyl-isophthalic acid, 5-methyl-isophthalic acid, 5- 
aryloxyisophthalic acid, 5-aryloxycarbonyIphthalic acid, 5- 
propargyloxyisophthalic acid, 5-acetyloxyisophthalic acid, 5- 
benzoylamidoisophthalic acid, tetrafluoroisophthalic acid, methylterephthalic 
acid, tetrafluoroterephthalic acid, 2,6-naphthalene dicarboxylic acid, 1,6- 
naphhtalene dicarboxylic acid, 2,6-anthracene dicarboxylic acid, 1 ,6-anthracene 
dicarboxylic acid, 4,4'-dicarboxy biphenyl, 3,4'-dicarboxy biphenyl, 2,3'- 
dicarboxy biphenyl, 2,4'-dicarboxy biphenyl, 4,4'-dicarboxydiphenyl ether, 3,4'- 
dicarboxydiphenyl ether, 2,3'-dicarboxydiphenyl ether, 2,4'-dicarboxydiphenyl 
ether, 3,3'-dicarboxydiphenyl ether, 3,3'-dimethyl-4,4'-dicarboxy biphenyl, 4,4'- 
dimethyl-3,3'-dicarboxy biphenyl, 2,2'-dimethyl-4,4'-dicarboxy biphenyl, 3,3'- 
dimethoxy-4,4'-dicarboxy biphenyl, 4,4'-dimethoxy-3,3'-dicarboxy biphenyl, 2,2'- 
dimethoxy-4,4'-dicarboxy biphenyl, 4,4'-dicarboxy benzophenone, 3,4'- 
dicarboxy benzophenone, 3,3'-dicarboxy benzophenone, 4,4'-dicarboxy 
diphenylmethane, 3,4'-dicarboxy diphenylmethane, 3,3'-dicarboxy 
diphenylmethane, 4,4'-dicart)oxy diphenylamide, 3,4-dicarboxy diphenylamide, 
4,4'-dicarboxy diphenyl sulfone, 3,4'-dicarboxy diphenyl sulfone, 3,3'-dicarboxy 
diphenyl sulfone, 2,2'-dicarboxy diphenylpropane, 1 ,4-bis(4-carboxyphenoxy) 
benzene, 1,3-bis(4-carboxyphenoxy) benzene, N-[3((4-carboxyphenyl) 
carbonylamino) phenyl] (4-carboxyphenyl) formamide, N-[4((4-carboxyphenyl) 
carbonylamino) phenyl] (4-carboxyphenyl) formamide, 4,4'-(4- 
carboxyphenoxyphenyl) methane, 4,4'-bis(4-carboxyphenoxy) diphenylsulfon, 
2,2'-bis[4-(4-carboxyphenoxy) phenyl] propane, 2,2-bis(4-carboxyphenyl) 
hexafluoropropane, 2,2'-bis[4-(4-carboxyphenoxy) phenyl] hexafluoropropane, 
1 ,5-bis(4-carboxyphenyl) pentane, 1 ,4-bis(4-carboxyphenyl) butane, 1 ,3-bis(4- 
carboxyphenyl) propane, 4,4'-di(carboxyphenyl) pentane-1 ,5-dioate, 4,4'- 
di(carboxyphenyl)hexane-1 .6-dioate, 4,4'-di(carboxyphenyl) heptane-1 ,7-dioate. 

In addition, it is able to use alicyclic dicarboxylic acids and their acid 
halide or alkylesterification products, such as 1.3-dicarboxycyclohexane, 1,4- 
dicarboxycyclohexane, 1,2-dicarboxycyclobutane, 1 ,3-dlcarboxycyclobutane. 



bis(4-carboxycyclohexyl) methane. bis(4-carboxy-3-methylcyclohexyl) methane, 
bis(4-carboxycyclohexyl) ether or bis(4-carboxy-3-methylcyclohexyl) ether, and 
a mixture of more than two of these compounds. 

Further, from the standpoint of sensitivity to photo reaction and easy 
availability of raw. materials, it is preferable to use dicarboxylic acids and their 
derivatives, such as terephthalic acid, isophtalic acid, methyl terephthalic acid, 
4-methyl-isophthalic acid, 4,4'-dicarboxydiphenyl ether, 3,3'-dimethyl-4,4'- 
dicarboxy biphenyl, 4,4 -dicarboxybiphenyl, 4,4 -dicarboxydiphenyl amide, N- 
[3((4-carboxyphenyl) carbonylamino) phenyl] (4-carboxyphenyl) formamide and 
1 ,3-dicarboxycyclohexane. More preferably, 4-methylisophthalic acid, 4,4'- 
dicarboxydiphenyl ether and 3, 3*-dimethyl-4,4 -dicarboxybiphenyl are used. 

Examples of monomer compounds for the production of diamine 
component corresponding to in the general formula (1) are aromatic or 
aromatic group containing diamines, such as p-phenylenediamine, m- 
phenylenediamine, 2-methyl-m-phenylenediamine, 4-methyl-m- 
phenylenediamine, 5-methyl-m-phenylenediamine, 2,4,6-trimethyl-m- 
phenylenediamine, 5-aryloxy-m-phenylenediamine, 5-aryloxymethyl-m- 
phenylenediamine, methyl-p-phenylenediamine, 2,5-dimethyl-p- 
phenylenediamine, 2,6-naphthalenediamine, 1,6-naphthalenediamine, 2,6- 
anthracenediamine, 1 ,6-anthracenediamine, 2,7-diaminofluorene, 4.4'- 
diaminobiphenyl. 3,4'-diaminobiphenyl, 2,3'-diaminobiphenyl, 2,4'- 
diaminobiphenyl, 4.4'-diaminodiphenyl ether. 3,4'-diaminodiphenyl ether, 2,3'- 
diaminodiphenyl ether, 2,4'-diaminodiphenyl ether, 3.3'-diaminodiphenyl ether, 
4,4'-diaminodiphenyl sulfide. 4,4'-diaminodiphenyl disulfide, 4,4'- 
diaminodiphenyl disulfide, 3,3'-dimethyM,4'-djaminobiphenyl, 4,4'-dimethyl-3.3'- 
diaminobiphenyl, 2,2'-dimethyl-4,4'-diaminobiphenyl, 3,3'-dimethoxy-4,4'- 
diaminobiphenyl. 4,4'-dimethoxy-3,3'-diaminobiphenyl, 2,2'-dimethoxy-4.4'- 
diaminobiphenyl, 4.4'-diaminobenzophenone, 3,4 -diaminobenzophenone, 
3,3'-diaminobenzophenone, 4,4'-diaminodiphenyl methane, 3,4'- 
diaminodiphenyl methane, 3,3'-diaminodiphenyl methane. 4,4'-diaminodiphenyl 
ethane. 4.4'-diaminodiphenyl amine, 3,4'-diaminodiphenyl amine, 4.4'- 
diaminodiphenyl amide, 3,4'-diaminodiphenyl amide, 4,4'-diaminodiphenyl 
sulfone. 3.4*-diaminodiphenyl sulfone, 3,3'-diaminodiphenyl sulfone. 2,2'- 



diaminodiphenyl propane, 1 ,4-bis(4-aminophenoxy) benzene, 1,3-bis(4- 
aminophenoxy) benzene, N-[3((4-aminophenyl) carbonylamino) phenyl] (4- 
aminophenyl) foemamide, N-[4-((4-aminophenyl) carbonylamino) phenyl] (4- 
aminophenyl) formamide. 4,4 -(4-aminophenoxyphenyl) methane, 4,4'-bis(4- 
aminophenoxy) diphenyl sulfone, 2,2 -bis[4-(4-aminophenoxy) phenyl] propane, 
2,2-bis(4-aminophenoxy) hexafluoropropane, 2,2'-bis[4-(4-aminophenoxy) 
phenyl] hexafluoro propane, 1,5-bjs(4-aminophenyl) pentane, 1,4-bis(4- 
aminophenyl) butane, 1,3-bjs(4-aminophenyl) propane, 4,4'-di(aminophenyl) 
pentane-1,5-dioate, 4,4-di(aminophenyl) hexane-1 ,6-dloate, 4,4- 
di(aminophenyl) heptane-1 ,7-dioate. 

The diamine component includes further alicyclic diamine compounds, 
such as 1 .3-diaminocyclohexane, 1 ,4-diaminocyclohexane, 1,2- 
diaminocyclobutane. 1,3-diaminocyclobutane, bis(4-aminocyclohexyl) methane, 
bis(4-amino-3-methylcyclohexyl) methane, bis{4-aminocyclohexyl) ether and 
bis(4-amino-3-methylcyclohexyl) ether 

In addition, diamines having long chain alky! containing 6 to 20 carbon 
atoms can be used in order to elevate pre-tilt angle. The diamines are 
represented by 4.4'-diamino-3-dodecylphenyl ether, 1-dodecanoxy-2,4 - 
diaminobenzene or the like. 

Further, from the standpoint of sensitivity to photo reaction and easy 
availability of raw materials, it is preferable to use diamine compounds, such as 
p-phenylenediamine, m-phenylenediamine, methyl-p-phenylenediamine, 4- 
methyl-m-phenylenediamine, 4,4 -diaminodiphenyl ether, 3.3'-dimethyl-4,4'- 
diaminobiphenyl, 4,4-diaminobiphenyl, 4,4-diaminodiphenyl amide, N-[3((4- 
aminophenyl) carbonylamino) phenyl](4-aminophenyl)formamide and 1.3- 
diaminocyclohexane. More preferably, 4-methy!-m-phenylenediamine. 4.4 - 
diaminodiphenyl ether and 3,3 -dimethyl-4,4'-diaminobiphenyl are used. 

Examples of monomer compounds for the production of aminocarboxylic 
acid component corresponding to and R'^in the general fomnulae (2a) and 
(2b) are aromatic or aromatic group containing aminocarboxylic acids, such as 
m-aminobenzoic acid, p-aminobenzoic acid. 4-methyl-m-aminobenzoic acid, 



methyl-p-aminobenzoic acid. 2-amino-6-carboxy naphthalene, 1-amino-5- 
carboxy naphthalene, 1-amino-6-carboxy anthracene, 2-amino-7-carboxy 
anthracene, 4-(4'-aminophenyl) benzoic acid, 3-(4 -aminophenyl) benzoic acid, 
4-(3 -aminophenyl) benzoic acid, 4-(4'-aminophenoxy) benzoic acid, 3-(4*- 
aminophenoxy) benzoic acid, 4-(3 -aminophenoxy) benzoic acid, 4-amlno-4 - 
carboxybenzophenone, 3-amlno-4'-carboxybenzophenone, 4-amino-3'- 
carboxybenzophenone, 3,3'-dimethyl-4-(4'-aminophenyl) benzoic acid, 2,2 - 
dimethyl-4-(4'-aminophenyl) benzoic acid, 2,2'-(4-amlnophenyl-4 - 
carboxyphenyl) methane, 2,2 -(3-aminophenyl-4'-carboxyphenyl) methane, 2,2 - 
(4-aminophenyl-3 -carboxyphenyl) methane, 2,2'-(4-aminophenyl-4'- 
carboxyphenyl) sulfone, 2,2*-(3-aminophenyl-4 -carboxyphenyl) sulfone, 2,2 -(4- 
amlnophenyl-3 -carboxyphenyl) sulfone, 2,2'-(4-amlnophenyl-4'-carboxyphenyl) 
propane, 2,2'-(3-aminophenyl-4'-carboxyphenyl) propane, 2,2'-(4-aminophenyl- 
3'-carboxyphenyl) propane, 2,2'-(4-aminophenyl-4 -carboxyphenyl) amide, 2,2'- 
(3-aminophenyl-4'-carboxyphenyl) amide, 2,2'-(4-aminophenyl-3 - 
carboxyphenyl) amide, 1,3-(4-aminophenoxy-4 -carboxyphenoxy) benzene. 1,4- 
(4-aminophenoxy-4 -carboxyphenoxy) benzene, N-[3((4- 
aminophenyl)carbonylamino) phenyl] (4-carboxyphenyl) formamide, N-[4((4- 
aminophenyl)carbony!amino) phenyl] (4-carboxyphenyl) formamide, 4-(4- 
aminophenoxyphenyl) benzoic acid, 4-(4-(4-(4-aminophenoxy) phenyl) phenoxy) 
benzoic acid, 4-(4-(1-(4-(4-aminophenoxy) phenyl) isopropyl) phenoxy) benzoic 
acid, 4-(4-(1-(4-(4-aminophenoxy) phenyl) hexafluoroisopropyl) phenoxy) 
benzoic acid, 1,4-(4-aminophenoxy-4-carboxyphenoxy) butane, 1,5-(4- 
aminophenoxy-4-carboxyphenoxy) pentane, 1 ,6-(4-aminophenoxy-4- 
carboxyphenoxy) hexane, (4-aminophenyl-4 -carboxyphenyl) pentane-1,5- 
dioate, (4-aminophenyl-4 -carboxyphenyl) hexane-1 .6-dioate, (4-aminophenyI- 
4'-carboxyphenyl) heptane-1 .7-dioate. 

In addition, it is able to use alicyclic aminocarboxylic acids, such as 1- 
amino-3-carboxycyclohexane, 1 -amino-4-carboxycyclohexane, 1-amino-2- 
carboxycyclobutane, 1 -amino-3-carboxycyclobutane, (4-aminocyclohexyl-4 - 
carboxycyclohexane) methane, (3-methyl-4-aminocyclohexyl-3-methyl-4'- 
carboxycyclohexyl) methane, (4-aminocyclohexyl-4'-carboxycyclohexyl) ether or 
(3-methyl-4-aminocyclohexyl-3 -methyl-4'-carboxycyclohexyl) ether, and a 
mixture of more than two of these compounds. 



Further, from the standpoint of sensitivity to photo reaction and easy 
availability of raw materials, it is preferable to use aminocarboxylic acid 
compounds, such as p-aminobenzoic acid, m-aminobenzoic acid, methyl-p- 
aminobenzoic acid, 4-methyl-m-amino benzoic acid, 4-(4 -aminophenoxy) 
benzoic acid, 2,3'-dimethyl-4-(4 -aminophenyl) benzoic acid, 4-(4*-aminophenyl) 
benzoic acid, 2,2'-(4-aminophenyl-4'-carboxyphenyl) amide, N-[3((4- 
aminophenyl)carbonylamino) phenyl] (4-carboxyphenyl) formamide and 1- 
amino-3-carboxycyclohexane are used. More preferably, 4-methyl-m-amino 
benzoic acid, 4-(4 -aminophenoxy) benzoic acid and 2,3 -dimethyl-4-(4'- 
aminophenyl) benzoic acid are used. 

The repeating unit in which a ring structure is contained in at least one 
end of amide groups is preferably contained in an amount of 20 to 100 mole%, 
more preferably 50 to 100 mole% based on the whole polymer component from 
the viewpoint of alignment stability of liquid crystal. 

Further, the amide group in the general formulae (1), (2a) and (2b) has 
only to contain the ring structure at one end thereof, and preferably the amide 
group has the ring structure at both ends from the viewpoint of sensitivity to 
photo and alignment stability. 

In addition, the amide group has only to contain the ring structure, and a 
dicarboxylic acid, a diamine or an aminocarboxylic acid that contains no ring 
structure can be used in a combination with the above-mentioned component. 
Such an example includes a dicarboxylic acid, such as oxalic acid, fumaric acid, 
maleic acid, malonic acid, succinic acid, glutaric acid, adipic acid, pimelic acid, 
suberic acid, azelaic acid, sebacic acid, 1.9-nonanedicarboxylic acid, 1,10- 
decanedicarboxylic acid or muconic acid and their acid halides, acid anhydride 
or alkylesterification compounds as dicarboxylic acid component. A mixture of 
more than two compounds can be also used. 

Further, the diamine components include, for example aliphatic diamines, 
such as ethylenediamine, trimethylenediamine, tetramethylenediamine, 
pentamethylenediamine, hexamethylenediamine, heptamethylenediamine. 
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octamethylenediamine, nonamethylenediamine or decamethylenediamine, and 
further diaminosiloxanes, such as m-xylylenediamine, p-xylylenediamine or the 
general formula 

CH3 CH3 

CH3 

wherein m is an integer of 1 to 10. 

The diamine component can be used solely or in a mixture of more than 
two compounds. The aminocarboxylic acid components include aliphatic 
aminocarboxylic acid components, such as 1-amino-2-carboxyethane, 1-amino- 
3-carboxypropane, 1-amino-4-carboxybutane, 1-amino-5-carboxypentane, 1- 
amino-6-carboxyhexane, 1 -amino-7-carboxyheptane, 1 -amino-8-carboxyoctane, 
1 -amino-9-carboxynonane or 1 -amino-1 0-carboxydecane. These 
aminocarboxylic acid components can be used in a mixture of more than two 
compounds. 

The methods for synthesizing the polyamide are not specifically limited. 
In general, desired products can be obtained either by polycondensatlon in an 
organic solvent upon charging equimolar ratio of dicarboxylic acid or derivatives 
thereof and diamine, or by polycondensatlon of one kind of aminocarboxylic acid 
or by copolymerizatlon of more than two kinds of aminocarboxylic acids. 

These polycondensatlon reaction proceeds well under the existence of 
condensation agent, and examples of condensation agent used herewith are 
triphenyl phosphite, tetrachlorosilane or dimethylchlorosilane among others 
when dicarboxylic acid or aminocarboxylic acid are used as monomers or 
trimethylamine, pyridine or N,N-dimethylaniline among others when dicarboxylic 
acid halide are used as monomer. 

Reaction should preferably be carried out in organic solvent, and solevent 
normally used in the embodiments is for example N,N-dimethyl formamide, N,N- 
dimethyl acetoamide, N-methyl-2-pyrrolidone, N-methyl caprolactam, 
tetrahydrofuran, dioxane, toluene, chloroform, dimethylsulfoxide, tetramethy 
urea, pyridine, dimethysulfone, hexamethyiphosphoramide, and butyllactone or 
cresol. 



The preferable range of temperature in carrying out condensation reaction 
is about -100°C to 200°C. 

On the other hand, when said dicarboxylic acid anhydride or alkylester 
compounds are used as monomer, polycondensation reaction in general 
proceeds well by mixing diamine compunds and then melting in vaccuo without 
the use of said condensation agent and solvent. 

It is important that the resins obtained by the above-mentioned methods 
have a reduced viscosity of 0.05 to 3.0 dl/g (at a concentration of 0.5 g/dl in N- 
methyl-2-pyrrolidone at 30**C), particularly preferably 0.2 to 3.0 dl/g. In addition, 
it is preferable that the resins have a number average molecular weight of more 
than 1000, more preferably more than 3000 in order to make full use of polymer 
characteristics. The molecular weight is determined by known methods, such 
as gel permeation chromatography, osmometry, light dispersion, or viscometric 
molecular weight determination. 



When the polyamide film is to be formed, said polyamide film can be 
formed by applying polymerization solution directly over the substrate and 
heated. In addition, they can be used after pouring the formed polyamide 
solution into over excess amount of poor solvents such as water or methanol, 
and re-dissolve into the solvent after precipitation recovery. The diluting 
solution of said polyamide solution and/or solvent in which polyamide is re- 
dissolved after precipitation recovery have no limitation as long as they can 
dissolve polyamide. 

Example of such solvents are 2-pyrrolidone, N-methyl pyrrolidone, N-ethyl 
pyrrolidone, N-vinyl pyrrolidone, N,N-dimethyl acetoamide, N,N-dimethyl 
formamide or y -butyllactone. They can be used by itself or a mixture thereof. 
In addition, even when said solvent alone can not give homogenous solution, the 
solvent can be added and used within the range in which homogeneous solution 
can be obtained. Example of such are ethyl cellosolve, butyl cellosolve, ethyl 
carbitol, butyl carbitol, ethyl carbitolacetate or ethyleneglycol. 
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The liquid solution is applied on the substrate, thereby forming the 
polyamide film over the substrate by the evaporation of solvent. Temperature 
for this purpose is adequate if solvent can evaporate, and preferred temperature 
is normally 80 - 200°C. 

The liquid solution of the liquid crystal-aligning agent thus obtained in the 
present invention is applied on the substrate by the method such as spincoat or 
offset printing, thereby forming the thin polymer film by heating under the 
condition described above. The thickness of the thin polymer film formed have 

polymer film formed have no special limitation, but 10-3,000nm is preferred for 
the use in the ordinary liquid crystal-alignment film. 

Next, light or electron rays is irradiated over the surface of said thin 
polymer film. There is no limitation for the wavelength of light used, but in 
general the range preferred is between 100 nm and 400 nm , more preferably 
appropriate wavelength should be selected as such with filter and the like 
depending on the kind of polymer used. In addition, the duration of light 
irradiation is in general ranging from a couple of minutes to a couple of hours, 
but it is possible to select suitable time for the polymer to be used. 

Further, the way to irradiate have no limitation, but it is preferred to use 
polarized light in order to obtain the uniform liquid crystal-alignment. In this 
case, the way to irradiate polarized ultraviolet light have no special limitation. 
Irradiation can be done with polarized phase being rotated or irradiation can also 
be done more than twice after changing angles of incidence of polarized 
ultraviolet rays. Even non-polarized ultraviolet rays may be irradiated at the 
certain inclination angle from the normal of the substrate as long as practical 
polarization can be achieved. 

Filmed sides of two substrates thus obtained after irradiation with polarized 
light are positioned to facing each other and thereby aligning liquid crystal 
molecules by holding the liquid crystals tightly, and the alignment of the liquid 
crystals thus obtained is heat stable. 



The polymer compound according to the present invention includes as a 
suitable example a polyimide precursor or a polyimide obtained by chemical or 
heat imidization of a polyimide precursor with a repeating unit of general formula 
(21) 

o Oh 

HO— c c-n-r" 

\" (2 1) 

N— C'^ \-OH 

I u u 

HO O 

wherein R^^ is a tetravalent organic group, and R^® is a divalent organic group 
containing an amide group with a ring structure at both ends or one end thereof 
In addition, R^® in the formula (21) is preferably selected from groups 
represented by formula (22) or (23) 




(23) 



wherein X^^, X", X^^, X" and X^° are independently of one another a single bond, 
O, CO2, OCO, CH2O, NHCO or CONH, R^". and R^^are 

independently of one another hydrogen atom, halogen atom, C1-C24 alkyi, C1-C24 
alkyi containing fluorine, C2-C24 alkenyl, C2-C24 alkynyl or a phenyl, and m' is an 
integer of 1 to 4, with proviso that R", R^", R^ and R^^are hydrogen atom or 
halogen atom, then X'^ X". X'\ X'' and X'^are single bonds. 

Ci-C24 alkyi of R^^, R^, R", R" and R"in the general formulae described 
above includes long chain alkyi groups that are generally used, in addition to 
lower alkyi groups, such as methyl, ethyl, propyl, i-propyl, butyl, i-butyl, s-butyl or 
t-butyl. 

C1-C24 alkyi containing fluorine includes long chain alkyi groups 
containing fluorine that are generally used, in addition to lower alkyi groups 
containing fluorine, such as trifluoromethyl, 2,2,2-trifIuoroethyl, perfluoroethyl, 
3,3,3-trifluoropropyl, perfluoropropyl, hexafluoro-i-propyl, 3,3,4,4- 
pentafluorobutyl and perfluorobutyl. 



C2-C24 alkenyl includes long chain alkenyl groups that are generally used, 
in addition to lower alkenyl groups, such as ethenyl, allyl, 1-butenyl, 2-butenyl 
and 3-butenyl. C2-C24 alkynyl includes long chain alkynyl groups that are 
generally used, in addition to lower alkynyl groups, such as ethynyl, propargyl, 
1-butynyl, 2-butynyl and 3-butynyl. 

In addition, further preferable examples of R^* include groups 
represented by formula (24) or (25) 



wherein R^^is hydrogen atom, halogen atom, C1-C24 alkyi, C2-C24 alkenyl, C2-C24 
alkynyl. C1-C24 alkoxy. C,-C24 alkoxycarbonyl, C2-C24 alkenyloxy, C2-C24 
alkenyloxycarbonyl, C2-C24 alkynyloxy or C2-C24 alkynyloxycarbonyl. 

C1-C24 alkyI of R^'*in the general fomnula (25) described above includes 
long chain alkyI groups that are generally used, in addition to lower alkyI groups, 
such as methyl, ethyl, propyl, i-propyl, butyl, i-butyl, s-butyl or t-butyl. C2-C24 
alkenyl includes long chain alkenyl groups containing unsaturated bond, in 
addition to lower alkenyl groups, such as ethenyl, allyl, 1-butenyl, 2-butenyl and 
3-butenyl. C2-C24 alkynyl includes long chain alkynyl groups containing 
unsaturated bond, In addition to lower alkynyl groups, such as ethynyl, propagyl, 
1-butynyl, 2-butynyl and 3-butynyl. 

C1-C24 alkoxy includes long chain alkoxy groups in addition to methoxy, 
ethoxy, propoxy, i-propoxy, butoxy, i-butoxy, s-butoxy and t-butoxy. C1-C24 
alkoxycarbonyl includes long chain alkoxycarbonyl groups in addition to 
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, i-propoxycarbonyl, 
butoxycarbonyl, i-butoxycarbonyl, s-butoxycarbonyl and t-butoxycarbonyl. Cj- 
C24 alkenyloxy includes long chain alkenyloxy groups containing unsaturated 
bond in addition to ethenyloxy, allyloxy. 1-butenyloxy, 2-butenyloxy and 3- 
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C2-C24 alkenyloxycarbonyl includes long chain alkenyloxycarbonyl 
groups containing unsaturated bond in addition to ethenyloxycarbonyl, 
allyloxycarbonyl, 1-butenyloxycarbonyl, 2-butenyloxycarbonyl and 3- 
butenyloxycarbonyl. C2-C24 allcynyloxy includes long chain alkynyloxy groups 
containing unsaturated bond in addition to ethynyloxy, propargyloxy, 1- 
butynyloxy, 2-butynyloxy and 3-butynyloxycarbonyl. C2-C24 alkynyloxycarbonyl 
includes long chain alkynyloxycarbonyl groups containing unsaturated bond in 
addition to ethynyloxycarbonyl, propargyloxycarbonyl, 1-butynyloxycarbonyl, 2- 
butynyloxycarbonyl and 3-butynyloxycarbonyl. 

Typical example of monomer compound in producing tetracarboxylic acid 
component corresponding toR^'' in the general formula (XIII) above are 1,2,3,4- 
cyclobutane tetracarboxylic acid, 1,2,3,4-cyclopentane tetracarboxylic acid, 

2.3.4.5- tetrahydrofuran tetracarboxylic acid, 1,2,4,5-cyclohexane tetracarboxylic 
acid, 1-(3,4-dlcarboxycyclohexyl) succinic acid. 3,4-dicarboxy-1 ,2,3,4- 
tetrahydro-1-naphthalene succinic acid, pyromellitic acid, 2,3,6,7-naphthalene 
tetracarboxylic acid, 1,2,5,6-naphthalene tetracarboxylic acid, 1,4,5,8- 
naphthalene tetracarboxylic acid, 2,3,6,7-anthracene tetracarboxylic acid, 

1.2.5.6- anthracec tetracarboxylic acid, 3,3',4,4*-biphenyl tetracarboxylic acid, 
2,3,3',4'-biphenyl tetracarboxylic acid, bis (3,4-dicarboxyphenyl) ether, 3,3',4,4'- 
benzophenone tetracarboxylic acid, bis (3,4-dicarboxyphenyl) sulfone, bis (3,4- 
dlcarboxyphenyl) methane, 2,2-bis (3,4-dicarboxyphenyl) propane, 1,1,1,3,3,3- 
hexafluoro-2,2-bis (3,4-dicarboxyphenyl) propane, bis (3,4-dicarboxyphenyl) 
dimethylsilane, bis (3,4-dicarboxyphenyl) diphenylsilane, 2,3,4,5-pyridine 
tetracarboxylic acid, their dianhydride and their dicarboxylic acid diacidhalide, 
and aliphatic tetracarboxylic acid such as 1,2,3,4-butane tetracarboxylic acid, 
their dianhydride and their dicarboxylic acid diacidhalide. One or more than two 
kinds of these tetracarboxylic acid and their derivatives can be used as the 
mixture. 



Monomer compounds for constituting diamine components of in the 
general fomiula (21) above include, for example 4,4'-diaminodiphenyl amide, 
3,4'-diaminodiphenyl amide, N-[3((4-aminophenyl) carbonylamino) phenyl] (4- 
aminophenyl) formamlde and N-[4((4-aminophenyl) carbonylamino) phenyl] (4- 
aminophenyl) formamide. In addition, these diamine components can be used 
in a mixture of more than two compounds. 

Further, from the viewpoint of alignment stability of liquid crystal, it is 
preferable to contain 4,4'-diaminodiphenyl amide, N-[3((4-aminophenyl) 
carbonylamino) phenyl] (4-aminophenyl) formamide and the diamine component 
represented by the following formula 



The repeating unit in which a ring structure is contained in at least one 
end of amide groups as mentioned above is preferably contained in an amount 
of 20 to 100 mole%, more preferably 50 to 100 mole% based on the whole 
polymer component from the view point of alignment stability of liquid crystal. 

Further, diamine component generally used In polyimide synthesis can be 
used as long as they are within the range of manifesting the effect of the present 
invention. Typical example as such are aromatic diamine such as p-phenylene 
diamine, m-phenylene diamine, 2,5-diamlnotoluene, 2,6-dlaminotoluene, 4,4*- 
diaminobiphenyl, 3,3'-dimethyl-4,4'-diamlnobiphenyl, 3,3'-dimethoxy-4,4'- 
diaminobiphenyl, idiaminodiphenylmethane, diaminodiphenylether, 2.2- 
bis (aiamin^henyl) propane, bis (4-amino-3,5-diethylphenyl) methane, 
diaminodiphenylsulfone, ~;diamlnobenzophenone. diaminonaphthalene, 
1,4-bis (4-aminophenoxy) benzene. 1,4-bls (4-aminophenyl) benzene, 9,10-bis 
(4-aminophenyl) anthracene, 1.3-bis (4-aminophenoxy) benzene, 4,4'-di (4- 
amlnophenbxy) diphenylsulfone., 

2,2-bis (4-aminophenyl) hexafluoropropane and 2,2-bis [4-(4-aminophenoxy) 
phenyl] hexafluoropropane, alicycllc diamine such as bis (4-aminocyclohexyl) 
methane and bis (4-amino-3-methylcyclohexyl) methane, and aliphatic diamine 
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such as ethylenediamine. trimethylenediamine, tetramethylenediamine, 
pentamethylenediamine, hexamethylenediamine, heptamethylenediamine, 
octamethylenediamine, nonamethylenediamine ordecamethylenediamine, and 
further diaminosiloxanes, such as m-xylylenediamine, p-xylylenediamine or the 
general formula 

CH3 

^3 CH3 

wherein m is an integer of 1 to 10. 

Moreover, diamine having long chain alkyi group such as 4,4*-diamino-3- 
dodecyldiphenylether and 1-dodecyloxy-2,4-diaminoben2ene can be used in 
order to elevate the pre-tilt angle. One or more than two kinds of these diamine 
components can be used in the mixture. 

The method of preparation of these polyimide have no special limitation. 
In general, tetracarboxylic acid and their derivatives are reacted with diamine 
and plymerized to yield polyimide precursor and then imidization is done by ring 
closure, and tetracarboxylic acid dianhydride is in general used as 
tetracarboxylic acid and their derivatives for this purpose. The ratio of 
tetracarboxylic acid dianhydride mole number and the total mole number of 
diamine is preferably 0.8 to 1 .2. The more this molar ratio approaches closer to 
1, the more the polymerization degree of polymer becomes as in general 
polycondensation reaction. 

When polymerization degree is too small, the strength of the polyimide film 
is unsatisfactory for the use and liquid crystal alignment becomes unstable. But 
if polymerization degree becomes too large, workability during the polyimide film 
formation may be poor. Therefore, the polymerization degree of the 
products in the present invention is preferably selected in such a manner that a 
polyimide precursor has a reduced viscosity of 0.05 to 3.0 dl/g (at a 
concentration of 0.5 g/dl in N-methyl-2-pyrrolidone at 30°C), more preferably 0.2 
to 3.0 dl/g. 



The method of reaction/polymerization of tetracarboxylic acid dianhydride 
and diamine have no specific limitation, and in general first class diamine and 
tetracarboxylic acid dianhydride are reacted in organic polar solvent such as N- 
methyl-2-pyrrolidone, N,N-dimethylacetoamide or N,N-dimethylformamide to 
yield polyimide precursor and then imidization through dehydration ring closure. 

Reaction polymerization temperature of tetracarboxylic acid and their 
derivatives and diamine can be optional temperature selected from -20 - 1 50°C, 
but most preferably -5 - 100°C. In addition, this polyimide precursor can be 
imidized by heat dehydration at 100 - 400°C or by chemical imidization by the 
use of imidization catalyst such as triethylamine/acetic anhydride as done under 
normal condition. 

When the polyimide film is to be fomned, said polyimide film can be formed 



by applying polyimide precursor solution directly over the substrate and imidizing 
by heating. Polymerization solution described above itself can be used as 
polyimide precursor solution for this occasion or they can be used after pouring 
the formed polyimide precursor solution into over excess amount of poor 
solvents such as water or methanol, and re-dissolve into the solvent after 
precipitation recovery. The diluting solution of said polyimide precursor solution 
and/or solvent in which polyimide is re-dissolved after precipitation recovery 
have no limitation as long as they can dissolve polyimide precursor. 

Typical example of such solvent is N-methyl-2-pyrrolidone, N,N- 
dimethylacetoamide and N,N-dimethylformamide. They can be used alone or 
they can be used in a mixture. What is more, even when said solvent alone can 
not give homogenous solution, the solvent can be added and used within the 
range in which homogeneous solution can be obtained. Example of such are 
ethyl cellosolve, butyl cellosolve, ethyl carbitol, butyl carbitol, ethyl 
carbitolacetate or ethyleneglycol. 

Temperature for heat imidization over the substrate is optional temperature 
selected from 100 - 400°C, and most preferably in the range of 150 - SSO^'C. 

On the other hand, when polyimide is dissolved in solvent, polyimide 
precursor solution obtained by reacting tetracarboxylic acid dianhydride and 
diamine can be used as polyimide solution after imidization. 

Polyimide solution thus obtained can be used as they are or they can be 
used after precipitating in poor solvents such as methanol or ethanol, isolating 
and re-dissolving into the suitable solvent for the use. 

Solvent in which obtained polyimide is re-dissolved can be any solvent 
without any limitation as long as they can dissolve polyimide obtained, but 
example of such can be 2-pyrrolidone, N-methyl-2-pyrrolidone. N- 
ethylpyrrolidone, N-vinylpyrrolidone, N,N-dimethylacetoamide, N.N- 
dimethylformamide and y -butyllactone. 

Any other solvent which alone can not solubilize polyimide can be added to 
the solvent described above within the range of which they do not affect solubility. 
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Any solvent which can not give homogenous solution can be used within the 
range in which homogeneous solution can be obtained. Example of such are 
ethyl cellosolve, butyl cellosolve, ethyl carbitol, butyl carbitol, ethyl 
carbitolacetate and ethyleneglycol. 

The liquid solution can be applied on the substrate, thereby forming the 
polyimide film over the substrate by the evaporation of solvent. Adequate 
temperature for this purpose is at which solvent can evaporate, and preferred 
temperature is normally 80 - 200X. 

The liquid solution of the liquid crystal-alignment agent thus obtained in the 
present invention is applied oh the substrate by the method such as spincoat or 
decalcomania process printing, thereby forming the thin polymer film by heat 
calcination under, the condition described above. The thickness of the thin 
polymer film formed have no special limitation, but 10 - 3,000 nm is preferred for 
the use in ordinary liquid crystal-alignment film. 

Next, light or electron rays is irradiated over the surface of said thin 
polymer film. There is no limitation for the wavelength of light utilized, but in 
general the range preferred is between 100 nm and 400 nm, more preferably 
appropriate wavelength should be selected by an appropriate device such as 
filter depending on the kind of polymer used. In addition, the duration of light 
irradiation is in general ranging from a couple of minutes to a couple of hours, 
but it is possible to select suitable wavelength for polymer to be used. 

Further, the way to irradiate have no limitation, but it is preferred to use 
polarized light in order to obtain the uniform liquid crystal-alignment. In this 
case, the way to irradiate polarized ultraviolet light have no special limitation. 
Irradiation can be done with polarized phase being rotated, and irradiation can 
also be done more than twice after changing angles of incidence of polarized 
ultraviolet rays. Even non-polarized ultraviolet rays may be irradiated at the 
certain inclination angle from the normal of the substrate as long as practical 
polarization can be achieved. 

Filmed sides of two substrates thus obtained after irradiation with polarized 
light are positioned at facing each other and thereby aligning liquid crystal 



molecules by holding the liquid crystals tightly and the alignment of the liquid 
crystals thus obtained is stable to heat. 

[Examples] 

The present invention is further described in more details by showing 
examples to which the present invention is not limited. 

Example 1 

Under nitrogen gas flow, 27.51 g (120 mmol) of 4-(4'-aminophenoxy) 
benzoic acid and 16.46 g (120 mmol) of m-aminobenzoic acid were dissolved in 
144 cc of N-methyl pyrrolidone (abbreviated as NMP hereinafter). 114.31 g 
(368.4 mmol) of triphenyl phosphite and 23.97 cc of pyridine were successively 
added into the solution, and the resulting mixture was stirred at 100°C for 23 
hours to give a reaction mixture. The mixture was diluted with NMP, then 
poured into methanol, and polymer precipitated was filtered and dried. The 
procedures above were repeated, and the polymer was purified to give 37.76 g 
of polyamide. The reduced viscosity of the polyamide dissolved in NMP was 
0.92 dl/g (at a concentration of 0.5 g/dl in NMP at 30^*0). 

The resulting polyamide was dissolved in a solvent mixture In which 
NMP and butyl cellosolve (abbreviated as BS hereinafter) was mixed in a 
proportion by weight of 80 : 20, and the solution was adjusted to a total solid 
concentration of 5% by weight. The adjusted solution was spincoated on a 
glass substrate at 4000 rpm, and then heat-treated at 80*^0 for 10 minutes and 
180°C for 1 hour to give a polyamide film in a thickness of 100 nm. Two glass 
substrates on which polyamide film was applied as mentioned above were 
prepared. Each polyamide film on the substrates was irradiated with polarized 
UV light with wavelength of 300 nm to 330 nm from an ultra high pressure 
mercury lamp of an output of 700 W through a band pass filter and a polarizing 
film for 45 seconds. These two substrates were stuck together interposing 
polymer fine particles of 6 |i m in such a manner that polyamide films were faced 
each other and direction of the irradiated UV light became parallel to each other, 
and thereby a liquid crystal cell was produced. Then liquid crystal (ZLI-2293 
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produced by Merck and Co.) was injected into the cell while the cell was kept on 
a hot plate at a temperature beyond the critical anisotropic temperature of the 
liquid crystal. The liquid crystal cell was cooled to a room temperature and then 
rotated under Crossed Nicol of a polarizing microscope. As a result, it was 
confirmed that liquid crystals were uniformly aligned with an observation of clear 
brightness and darkness, and no defects. Further, another liquid crystal cell was 
prepared in a similar manner as above except that wavelength in irradiation with 
polarized UV light was 240 nm to 280 nm, and rotated under Crossed Nicol of a 
polarizing microscope. As a result, it was also confirmed that liquid crystals 
were uniformly aligned with an observation of clear brightness and darkness, 
and no defects. 

Further, two liquid crystal cells prepared as above were heat-treated in 
an oven at 120''C for 1 hour, and then cooled to a room temperature. These 
liquid crystal cells were rotated under Crossed Nicol of a polarizing microscope. 
As a result, it was also confirmed that uniform alignment of liquid crystal 
observed before heat treatment was maintained in both cells with an observation 
of clear brightness and darkness, and no defects. 

Example 2 

Under nitrogen gas flow, 0.30 g (2.19 mmol) of m-aminobenzoic acid 
and 0.20 g (1 .46 mmol) of p-aminobenzoic acid were dissolved in 3,33 cc of 
NMP. 1 .36 g (4.38 mmol) of triphenyl phosphite and 0.65 cc of pyridine were 
successively added into the solution, and the resulting mixture was stirred at 
100°C for 18 hours to give a reaction mixture. The mixture was diluted with 
NMP, then poured into methanol, and polymer precipitated was filtered and dried. 
The procedures above were repeated, and the polymer was purified to give 0.41 
g of polyamide. The reduced viscosity of the polyamide dissolved in NMP was 
0.71 dl/g (at a concentration of 0.5 g/dl in NMP at 30X). 

The resulting polyamide was dissolved in a solvent mixture in which 
NMP and BS was mixed in a proportion by weight of 80 : 20. and the solution 
was adjusted to a total solid concentration of 6% by weight. The adjusted 
solution was spincoated on a glass substrate at 2600 rpm, and then heat-treated 
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at SOX for 10 minutes and ISCC for 1 hour to give a polyamide film in a 
thicl^ness of 1 00 nm. Each polyamide film on the substrates was irradiated with 
polarized UV light with wavelength of 300 nm to 330 nm for 90 seconds or 240 
nm to 280 nm for 1 hour similarly to the procedures in Example 1 . The resulting 
cells were rotated under Crossed Nicol of a polarizing microscope. As a result, 
it was confirmed that liquid crystals were unifonnly aligned with an observation of 
clear brightness and darkness, and no defects. 

Further, two liquid crystal cells prepared in above were heat-treated in 
an oven at 120''C for 1 hour, and then cooled to a room temperature. These 
liquid crystal cells were rotated under Crossed Nicol of a polarizing microscope. 
As a result, it was also confirmed that uniform alignment of liquid crystal 
observed before heat treatment was maintained in both cells with an observation 
of clear brightness and darkness, and no defects. 

Example 3 

Under nitrogen gas flow, 0.26 g (1.72 mmol) of 4-methyl-m- 
aminobenzoic acid and 0.25 g (1 .72 mmol) of p-aminobenzoic acid were 
dissolved in 3.33 cc of NMP. 1 .36 g (4.38 mmol) of triphenyl phosphite and 
0.65 cc of pyridine were successively added into the solution, and the resulting 
mixture was stirred at lOO^C for 18 hours to give a reaction mixture. The 
mixture was diluted with NMP, then poured into methanol, and polymer 
precipitated was filtered and dried. The procedures above were repeated, and 
the polymer was purified to give 0.48 g of polyamide. The reduced viscosity of 
the polyamide dissolved in NMP was 0.73 dl/g (at a concentration of 0.5 g/dl in 
NMP at 30X). 

The resulting polyamide was dissolved in a solvent mixture in which 
NMP and BS was mixed in a proportion by weight of 80 : 20, and the solution 
was adjusted to a total solid concentration of 6% by weight. The adjusted 
solution was spincoated on a glass substrate at 2800 rpm, and then heat-treated 
at 80°C for 10 minutes and 180X for 1 hour to give a polyamide film in a 
thickness of 1 00 nm. Each polyamide film on the substrates was irradiated with 
polarized UV light with wavelength of 300 nm to 330 nm for 45 seconds or 240 



nm to 280 nm for 12 minutes similarly to the procedures in Example 1. The 
resulting cells were rotated under Crossed Nicol of a polarizing microscope. As 
a result, it was confirmed that liquid crystals were uniformly aligned with an 
observation of clear brightness and darkness, and no defects. 

Further, two liquid crystal cells prepared in above were heat-treated in 
an oven at 120°C for 1 hour, and then cooled to a room temperature. These 
liquid crystal cells were rotated under Crossed Nicol of a polarizing microscope. 
As a result, it was also confirmed that uniform alignment of liquid crystal 
observed before heat treatment was maintained in both cells with an observation 
of clear brightness and darkness, and no defects. 

Example 4 

Under nitrogen gas flow, 2.01 g (9.9 mmol) of isophthalic acid chloride 
and 2.00 g (10.0 mmol) of 4,4'-diaminodiphenyl ether were dissolved in 26.73 cc 
of NMP. 3.56 cc of pyridine was added into the solution, and the resulting 
mixture was stirred during -JS^C to lOO^C for 30 minutes to give a reaction 
mixture. The mixture was diluted with NMP, then poured into methanol, and 
polymer precipitated was filtered and dried. The procedures above were 
repeated, and the polymer was purified to give 3.85 g of polyamide. The 
reduced viscosity of the polyamide dissolved in NMP was 0.76 dl/g (at a 
concentration of 0.5 g/dl in NMP at 30°C). 

The resulting polyamide was dissolved In a solvent mixture in which 
NMP and BS was mixed in a proportion by weight of 80 : 20, and the solution 
was adjusted to a total solid concentration of 6% by weight. The adjusted 
solution was spincoated on a glass substrate at 3000 rpm, and then heat-treated 
at 80°C for 10 minutes and 180°C for 1 hour to give a polyamide film in a 
thickness of 100 nm. Each polyamide film on the substrates was irradiated with 
polarized UV light with wavelength of 300 nm to 330 nm for 90 seconds or 240 
nm to 280 nm for 1 hour similarly to the procedures in Example 1 . The resulting 
cells were rotated under Crossed Nicol of a polarizing microscope. As a result, 
it was confirmed that liquid crystals were uniformly aligned with an observation of 
clear brightness and darkness, and no defects. 



Further, two liquid crystal cells prepared in above were heat-treated in 
an oven at 120*^0 for 1 hour, and then cooled to a room temperature. These 
liquid crystal cells were rotated under Crossed Nicol of a polarizing microscope. 
As a result, it was also confirmed that uniform alignment of liquid crystal 
observed before heat treatment was maintained in both cells with an observation 
of clear brightness and darkness, and no defects. 

Example 5 

Under nitrogen gas flow, 2.57 g (9.9 mmol) of 4.4'-dicarboxydiphenyl 
ether and 1 .08 g (1 0.0 mmol) of p-phenylene diamine were dissolved in 24.33 cc 
of NMR 7.45 g (24.0 mmol) of triphenyl phosphite and 3.56 cc of pyridine were 
successively added into the solution, and the resulting mixture was stirred at 
80*^0 for 6 hours to give a reaction mixture. The mixture was diluted with NMP, 
then poured into methanol, and polymer precipitated was filtered and dried. 
The procedures above were repeated, and the polymer was purified to give 3.47 
g of polyamide. The reduced viscosity of the polyamide dissolved in NMP was 
0.78 dl/g (at a concentration of 0.5 g/dl in NMP at 30X). 

The resulting polyamide was dissolved in a solvent mixture in which 
NMP and BS was mixed in a proportion by weight of 80 : 20, and the solution 
was adjusted to a total solid concentration of 6% by weight. The adjusted 
solution was spincoated on a glass substrate at 3100 rpm, and then heat-treated 
at 80°C for 10 minutes and 180°C for 1 hour to give a polyamide film in a 
thickness of 100 nm. Each polyamide film on the substrates was irradiated with 
polarized UV light with wavelength of 300 nm to 330 nm for 45 seconds or 240 
nm to 280 nm for 12 minutes similarly to the procedures in Example 1 . The 
resulting cells were rotated under Crossed Nicol of a polarizing microscope. As 
a result, it was confirmed that liquid crystals were uniformly aligned with an 
observation of clear brightness; and darkness, and no defects. 

Further, two liquid crystal cells prepared in above were heat-treated in 
an oven at 120**C for 1 hour, and then cooled to a room temperature. These 
liquid crystal cells were rotated under Crossed Nicol of a polarizing microscope. 



As a result, it was also confirmed that uniform alignment of liquid crystal 
observed before heat treatment was maintained in both cells with an observation 
of clear brightness and darkness, and no defects. 

Example 6 

Under nitrogen gas flow. 2.01 g (9.9 mmol) of isophthalic acid chloride 
and 1.98 g (10.0 mmol) of 4,4 -diaminodiphenyl methane were dissolved in 
26.60 cc of NMP. 3.56 cc of pyridine was added into the solution, and the 
resulting mixture was stirred during -78°C to a room temperature for 30 minutes 
to give a reaction mixture. The mixture was diluted with NMP, then poured into 
methanol, and polymer precipitated was filtered and dried. The procedures 
above were repeated, and the polymer was purified to give 3.75 g of polyamide. 
The reduced viscosity of the polyamide dissolved in NMP was 0.69 dl/g (at a 
concentration of 0.5 g/dl in NMP at 30*^0). 

The resulting polyamide was dissolved in a solvent mixture in which 
NMP and BS was mixed in a proportion by weight of 80 : 20, and the solution 
was adjusted to a total solid concentration of 6% by weight. The adjusted 
solution was spincoated on a glass substrate at 2200 rpm, and then heat-treated 
at 80°C for 10 minutes and 180°C for 1 hour to give a polyamide film in a 
thickness of 100 nm. Each polyamide film on the substrates was irradiated with 
polarized UV light with wavelength of 300 nm to 330 nm for 90 seconds similarly 
to the procedures in Example 1. The resulting cells were rotated under 
Crossed Nicol of a polarizing microscope. As a result, it was confirmed that 
liquid crystals were uniformly aligned with an observation of clear brightness and 
darkness, and no defects. 

Further, two liquid crystal cells prepared in above were heat-treated in 
an oven at 120°C for 1 hour, and then cooled to a room temperature. These 
liquid crystal cells were rotated under Crossed Nicol of a polarizing microscope. 
As a result, it was also confirmed that uniform alignment of liquid crystal 
observed before heat treatment was maintained in both cells with an observation 
of clear brightness and darkness, and no defects. 



Example 7 

Under nitrogen gas flow. 2.01 g (9.9 mmol) of isophthalic acid cliloride 
and 2.12 g (10.0 mmol) of 4,4'-diaminobenzophenone were dissolved in 27.53 
cc of NMR 3.56 cc of pyridine was added into the solution, and the resulting 
mixture was stirred during -78''C to a room temperature for 30 minutes to give a 
reaction mixture. The mixture was diluted with NMP, then poured into methanol, 
and polymer precipitated was filtered and dried. The procedures above were 
repeated, and the polymer was purified to give 3.92 g of polyamide. The 
reduced viscosity of the polyamide dissolved in NMP was 0.71 dl/g (at a 
concentration of 0.5 g/dl in NMP at 30'*C). 

The resulting polyamide was dissolved in a solvent mixture in which 
NMP and BS was mixed in a proportion by weight of 80 : 20, and the solution 
was adjusted to a total solid concentration of 6% by weight. The adjusted 
solution was spincoated on a glass substrate at 2300 rpm, and then heat-treated 
at 80°C for 10 minutes and 180°C for 1 hour to give a polyamide film in a 
thickness of 100 nm. Each polyamide film on the substrates was irradiated with 
polarized UV light with wavelength of 300 nm to 330 nm for 7.5 minutes similarly 
to the procedures in Example 1. The resulting cells were rotated under 
Crossed Nicol of a polarizing microscope. As a result, it was confirmed that 
liquid crystals were uniformly aligned with an observation of clear brightness and 
darkness, and no defects. 

Further, two liquid crystal cells prepared in above were heat-treated in 
an oven at 120''C for 1 hour, and then cooled to a room temperature. These 
liquid crystal cells were rotated under Crossed Nicol of a polarizing microscope. 
As a result, it was also confirmed that uniform alignment of liquid crystal 
observed before heat treatment was maintained in both cells with an observation 
of clear brightness and darkness, and no defects. 

Example 8 

Under nitrogen gas flow, 3.03 g (9.9 mmol) of 4,4'-dicarboxydiphenyl 
sulfone and 1.08 g (10.0 mmol) of p-phenylene diamine were dissolved in 27.40 
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cc of NMP. 7.45 g (24.0 mmol) of triphenyl phosphite and 3.56 cc of pyridine 
were successively added into the solution, and the resulting mixture was stirred 
at 80°C for 6 hours to give a reaction mixture. The mixture was diluted with 
NMP, then poured into methanol, and polymer precipitated was filtered and dried. 
The procedures above were repeated, and the polymer was purified to give 3.49 
g of polyamide. The reduced viscosity of the polyamide dissolved in NMP was 
0.73 dl/g (at a concentration of 0.5 g/dl in NMP at SOX). 

The resulting polyamide was dissolved in a solvent mixture in which 
NMP and BS was mixed in a proportion by weight of 80 : 20, and the solution 
was adjusted to a total solid concentration of 6% by weight. The adjusted 
solution was spincoated on a glass substrate at 2600 rpm, and then heat-treated 
at 80°C for 10 minutes and 180°C for 1 hour to give a polyamide film in a 
thickness of 100 nm. Each polyamide film on the substrates was irradiated with 
polarized UV light with wavelength of 300 nm to 330 nm for 7.5 minutes or 240 
nm to 280 nm for 12 minutes similarly to the procedures in Example 1 . The 
resulting cells were rotated under Crossed Nicol of a polarizing microscope. As 
a result, it was confirmed that liquid crystals were uniformly aligned with an 
observation of clear brightness and darkness, and no defects. 

Further, two liquid crystal cells prepared in above were heat-treated in 
an oven at 120°C for 1 hour, and then cooled to a room temperature. These 
liquid crystal cells were rotated under Crossed Nicol of a polarizing microscope. 
As a result, it was also confirmed that uniform alignment of liquid crystal 
observed before heat treatment was maintained in both cells with an observation 
of clear brightness and darkness, and no defects. 

Example 9 

Under nitrogen gas flow, 2.01 g (9.9 mmol) of isophthalic acid chloride 
and 2.12 g (10.0 mmol) of 3,3'-dimethyl-4,4 -diaminobiphenyl were dissolved in 
27.53 cc of NMP. 3.56 cc of pyridine was added into the solution, and the 
resulting mixture was stirred during -78°C to a room temperature for 30 minutes 
to give a reaction mixture. The mixture was diluted with NMP, then poured into 
methanol, and polymer precipitated was filtered and dried. The procedures 
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above were repeated, and the polymer was purified to give 3.51 g of polyamide. 
The reduced viscosity of the polyamide dissolved in NMP was 0.72 dl/g (at a 
concentration of 0.5 g/dl in NMP at 30X). 

The resulting polyamide was dissolved in a solvent mixture in which 
NMP and BS was mixed in a proportion by weight of 80 : 20, and the solution 
was adjusted to a total solid concentration of 6% by weight. The adjusted 
solution was spincoated on a glass substrate at 2200 rpm, and then heat-treated 
at SOX for 10 minutes and ISO'C for 1 hour to give a polyamide film in a 
thickness of 1 00 nm. Each polyamide film on the substrates was in-adiated with 
polarized UV light with wavelength of 300 nm to 330 nm for 45 seconds or 240 
nm to 280 nm for 12 minutes similarly to the procedures in Example 1 . The 
resulting cells were rotated under Crossed Nicol of a polarizing microscope. As 
a result, it was confirmed that liquid crystals were uniformly aligned with an 
observation of clear brightness and darkness, and no defects. 

Further, two liquid crystal cells prepared in above were heat-treated in 
an oven at 120°C for 1 hour, and then cooled to a room temperature. These 
liquid crystal cells were rotated under Crossed Nicol of a polarizing microscope. 
As a result, it was also confirmed that uniform alignment of liquid crystal 
observed before heat treatment was maintained in both cells with an observation 
of clear brightness and darkness, and no defects. 

Example 1 0 

Under nitrogen gas flow, 1 .70 g (9.9 mmol) of 1 ,3-dicarboxy cyclohexane 
and 2.00 g (10.0 mmol) of 4,4'diaminodiphenyl ether were dissolved in 24.67 cc 
of NMP. 7.45 g (24.0 mmol) of triphenyl phosphite and 3.56 cc of pyridine were 
added into the solution, and the resulting mixture was stirred at SO'C for 6 hours 
to give a reaction mixture. The mixture was diluted with NMP, then poured into 
methanol, and polymer precipitated was filtered and dried. The procedures 
above were repeated, and the polymer was purified to give 3.15 g of polyamide. 
The reduced viscosity of the polyamide dissolved in NMP was 0.68 dl/g (at a 
concentration of 0.5 g/dl in NMP at 30''C). 
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The resulting polyamide was dissolved in a solvent mixture in which 
NMP and BS was mixed in a proportion by weight of 80 : 20. and the solution 
was adjusted to a total solid concentration of 6% by weight. The adjusted 
solution was spincoated on a glass substrate at 1800 rpm. and then heat-treated 
at SOX for 10 minutes and 180X for 1 hour to give a polyamide film in a 
thickness of 1 00 nm. Each polyamide film on the substrates was irradiated with 
polarized UV light with wavelength of 240 nm to 280 nm for 12 minutes similarly 
to the procedures in Example 1 . The resulting cells were rotated under 
Crossed Nicol of a polarizing microscope. As a result, it was confinned that 
liquid crystals were uniformly aligned with an observation of clear brightness and 
darkness, and no defects. 



Further, two liquid crystal cells prepared in above were heat-treated in 
an oven at 120X for 1 hour, and then cooled to a room temperature. These 
liquid crystal cells were rotated under Crossed Nicol of a polarizing microscope. 
As a result, it was also confinned that uniform alignment of liquid crystal 
observed before heat treatment was maintained in both cells with an observation 
of clear brightness and darkness, and no defects. 



Example 11 



Under nitrogen gas flow, 2.01 g (9.9 mmol) of isophthalic acid chloride 
and 2.00 g (10.0 mmol) of 3,4'-diaminodiphenyl ether were dissolved in 26.73 cc 
of NMP. 3.56 cc of pyridine was added into the solution, and the resulting 
mixture was stirred during -78^ to a room temperature for 1 hour to give a 
reaction mixture. The mixture was diluted with NMP. then poured into methanol, 
and polymer precipitated was filtered and dried. The procedures above were 
repeated, and the polymer was purified to give 3.41 g of polyamide. The 
reduced viscosity of the polyamide dissolved in NMP was 0.82 dl/g (at a 
concentration of 0.5 g/dl in NMP at 30°C). 

The resulting polyamide was dissolved in a solvent mixture in which 
NMP and BS was mixed in a proportion by weight of 80 : 20, and the solution 
was adjusted to a total solid concentration of 6% by weight. The adjusted 
solution was spincoated on a glass substrate at 2500 rpm. and then heat-treated 
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at SO'^C for 10 minutes and 180°C for 1 hour to give a polyamide film in a 
thicl<ness of 100 nm. Each polyamide film on the substrates was irradiated with 
polarized UV light with wavelength of 300 nm to 330 nm for 7.5 minutes or 240 
nm to 280 nm for 12 minutes similarly to the procedures in Example 1 . The 
resulting cells were rotated under Crossed Nicol of a polarizing microscope. As 
a result, it was confirmed that liquid crystals were uniformly aligned with an 
observation of clear brightness and darkness, and no defects. 

Further, two liquid crystal cells prepared in above were heat-treated in 
an oven at 120°C for 1 hour, and then cooled to a room temperature. These 
liquid crystal cells were rotated under Crossed Nicol of a polarizing microscope. 
As a result, it was also confirmed that uniform alignment of liquid crystal 
observed before heat treatment was maintained in both cells with an observation 
of clear brightness and darkness, and no defects. 

Example 12 

Under nitrogen gas flow, 2.01 g (9.9 mmol) of terephthalic acid chloride 
and 2.00 g (10.0 mmol) of 3,4 -diaminodiphenyl ether were dissolved in 26.73 cc 
of NMP. 3.56 cc of pyridine was added into the solution, and the resulting 
mixture was stirred during -78°C to a room temperature for 15 minutes to give a 
reaction mixture. The mixture was diluted with NMP, then poured into methanol, 
and polymer precipitated was filtered and dried. The procedures above were 
repeated, and the polymer was purified to give 3.41 g of polyamide. The 
reduced viscosity of the polyamide dissolved in NMP was 0.82 dl/g (at a 
concentration of 0.5 g/dl in NMP at 30X). 

The resulting polyamide was dissolved in a solvent mixture in which 
NMP and BS was mixed in a proportion by weight of 80 : 20. and the solution 
was adjusted to a total solid concentration of 5% by weight. The adjusted 
solution was spincoated on a glass substrate at 2500 rpm. and then heat-treated 
at 80**C for 10 minutes and 180°C for 1 hour to give a polyamide film in a 
thickness of 1 00 nm. Each polyamide film on the substrates was irradiated with 
polarized UV light with wavelength of 300 nm to 330 nm for 7.5 minutes or 240 
nm to 280 nm for 12 minutes similarly to the procedures in Example 1 . The 
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resulting cells were rotated under Crossed Nicol of a polarizing microscope. As 
a result, it was confirmed that liquid crystals were uniformly aligned with an 
observation of clear brightness and darkness, and no defects. 

Further, two liquid crystal cells prepared in above were heat-treated in 
an oven at 120°C for 1 hour, and then cooled to a room temperature. These 
liquid crystal cells were rotated under Crossed Nicol of a polarizing microscope. 
As a result, it was also confirmed that uniform alignment of liquid crystal 
observed before heat treatment was maintained in both cells with an observation 
of clear brightness and darkness, and no defects. 

Example 13 

Under nitrogen gas flow, 2.01 g (9.9 mmol) of isophthalic acid chloride 
and 4.10 g (10.0 mmol) of 2,2-bls[4-(4-aminophenoxy) phenyl] propane were 
dissolved in 40.73 cc of NMR 3.56 cc of pyridine was added into the solution, 
and the resulting mixture was stirred during -78°C to a room temperature for 2 
hours to give a reaction mixture. The mixture was diluted with NMP, then 
Roured into methanol, and polymer precipitated was filtered and dried. The 
procedures above were repeated, and the polymer was purified to give 5.19 g of 
polyamide. The reduced viscosity of the polyamide dissolved in NMP was 0.92 
dl/g (at a concentration of 0.5 g/dl in NMP at 30°C). 

The resulting polyamide was dissolved in a solvent mixture in which 
NMP and BS was mixed in a proportion by weight of 80 : 20, and the solution 
was adjusted to a total solid concentration of 5% by weight. The adjusted 
solution was spincoated on a glass substrate at 4000 rpm, and then heat-treated 
at 80°C for 10 minutes and 180°C for 1 hour to give a polyamide film in a 
thickness of 1 00 nm. Each polyamide film on the substrates was irradiated with 
polarized UV light with wavelength of 300 nm to 330 nm for 7.5 minutes or 240 
nm to 280 nm for 12 minutes similarly to the procedures in Example 1 . The 
resulting cells were rotated under Crossed Nicol of a polarizing microscope. As 
a result, it was confirmed that liquid crystals were uniformly aligned with an 
observation of clear brightness and darkness, and no defects. 



Further, two liquid crystal cells prepared in above were heat-treated in 
an oven at 120°C for 1 hour, and then cooled to a room temperature. These 
liquid crystal cells were rotated under Crossed Nicol of a polarizing microscope. 
As a result, it was also confirmed that uniform alignment of liquid crystal 
observed before heat treatment was maintained in both cells with an observation 
of clear brightness and darkness, and no defects. 

Example 14 

Under nitrogen gas flow, 2.01 g (9.9 mmol) of terephthalic acid chloride 
and 4.10 g (10.0 mmol) of 2,2-bis[4-(4-aminophenoxy) phenyl] propane were 
dissolved in 40.73 cc of NMP. 3.56 cc of pyridine was added into the solution, 
and the resulting mixture was stirred during -78**C to a room temperature for 1 
hour to give a reaction mixture. The mixture was diluted with NMP, then poured 
into methanol, and polymer precipitated was filtered and dried. The procedures 
above were repeated, and the polymer was purified to give 5.07 g of polyamide. 
The reduced viscosity of the polyamide dissolved in NMP was 1.23 dl/g (at a 
concentration of 0.5 g/dl in NMP at 30°C). 

The resulting polyamide was dissolved in a solvent mixture in which 
NMP and BS was mixed in a proportion by weight of 80 : 20, and the solution 
was adjusted to a total solid concentration of 4% by weight. The adjusted 
solution was spincoated on a glass substrate at 3200 rpm, and then heat-treated 
at 80°C for 10 minutes and IBO'^C for 1 hour to give a polyamide film in a 
thickness of 100 nm. Each polyamide film on the substrates was irradiated with 
polarized UV light with wavelength of 300 nm to 330 nm for 7.5 minutes or 240 
nm to 280 nm for 12 minutes similarly to the procedures in Example 1 . The 
resulting cells were rotated under Crossed Nicol of a polarizing microscope. As 
a result, it was confirmed that liquid crystals were uniformly aligned with an 
observation of clear brightness and darkness, and no defects. 

Further, two liquid crystal cells prepared in above were heat-treated in 
an oven at 120°C for 1 hour, and then cooled to a room temperature. These 
liquid crystal cells were rotated under Crossed Nicol of a polarizing microscope. 
As a result, it was also confirmed that uniform alignment of liquid crystal 



observed before heat treatment was maintained in both cells with an observation 
of clear brightness and darkness, and no defects. 

Example 15 

Under nitrogen gas flow. 2.01 g (9.9 mmol) of terephthalic acid chloride 
and 1.38 g (10.0 mmol) of 4-methyl-m-phenylene diamine were dissolved in 22.6 
cc of NMP. 3.56 CO of pyridine was added into the solution, and the resulting 
mixture was stirred during -78°C to a room temperature for 30 minutes to give a 
reaction mixture. The mixture was diluted with NMP, then poured into methanol, 
and polymer precipitated was filtered and dried. The procedures above were 
repeated, and the polymer was purified to give 2.88 g of polyamide. The 
reduced viscosity of the polyamide dissolved in NMP was 0.93 dl/g (at a 
concentration of 0.5 g/dl in NMP at 30°C). 

The resulting polyamide was dissolved in a solvent mixture in which 
NMP and BS was mixed in a proportion by weight of 80 : 20, and the solution 
was adjusted to a total solid concentration of 5% by weight. The adjusted 
solution was spincoated on a glass substrate at 3300 rpm, and then heat-treated 
at 80°C for 10 minutes and 180°C for 1 hour to give a polyamide film in a 
thickness of 100 nm. Each polyamide film on the substrates was irradiated with 
polarized UV light with wavelength of 300 nm to 330 nm for 90 seconds or 240 
nm to 280 nm for 12 minutes similarly to the procedures in Exarnple 1 . The 
resulting cells were rotated under Crossed Nicol of a polarizing microscope. As 
a result, it was confirmed that liquid crystals were uniformly aligned with an 
observation of clear brightness and darkness, and no defects. 

Further, two liquid crystal cells prepared in above were heat-treated in 
an oven at 120°C for 1 hour, and then cooled to a room temperature. These 
liquid crystal cells were rotated under Crossed Nicol of a polarizing microscope. 
As a result, it was also confirmed that uniform alignment of liquid crystal 
observed before heat treatment was maintained in both cells with an observation 
of clear brightness and darkness, and no defects. 

Comparative Example 1 
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6.6 nylon (molecular weight: ca. 20000, glass trnasltion temperature: ca. 
45°C) was dissolved in m-cresol to give a solution with a total solid concentration 
of 4% by weight. The solution was spincoated on a glass substrate at 5000 
rpm. and then heat-treated at 80°C for 10 minutes and 180**C for 1 hour to give a 
polyamide (6.6 nylon) film in a thickness of 100 nm. The 6.6 nylon film was 
irradiated with polarized UV light with wavelength of 300 nm to 330 nm for 15 
minutes or 240 nm to 280 nm for 1 hour similarly to the procedures in Example 1 
to prepare liquid crystal cells. The resulting cells were rotated under Crossed 
Nicol of a polarizing microscope. As a result, the cells did not show any 
brightness and darkness, nor alignment of liquid crystals. 

Comparative Example 2 

Under nitrogen gas flow, 2.14 g (9.8 mmol) of pyromellitic dianhydride 
and 2.00 g (10.0 mmol) of 4.4 -diaminodiphenyl ether were reacted in 27.60 cc of 
NMP at a room temperature for 2 hours to prepare a polyimide precursor 
solution. The polymerization proceeded easily and uniformly, and the polyimide 
precursor having a reduced viscosity of 0.94 dl/g (at a concentration of 0.5 g/dl in 
NMP at 30°C) was prepared with a good reproducibility. 

The resulting polyimide precursor was dissolved in a solvent mixture in 
which NMP and BS was mixed in a proportion by weight of 80 : 20. and the 
solution was adjusted to a total solid concentration of 4% by weight. The 
adjusted solution was spincoated on a glass substrate at 4000 rpm, and then 
heat-treated at SO^'C for 10 minutes and 250X for 1 hour to give a polyamide 
film in a thickness of 100 nm. Each polyamide film on the substrates was 
irradiated with polarized UV light with wavelength of 300 nm to 330 nm for 15 
minutes or 240 nm to 280 nm for 1 hour similarly to the procedures in Example 1 
to prepare liquid crystal cells. The resulting cells were rotated under Crossed 
Nicol of a polarizing microscope. As a result, the cells had many defects even 
though showed some degree of brightness and darkness, and liquid crystals 
were not uniformly aligned. 

Comparative Example 3 



Polyvinyl cinnamate (molecular weight: ca. 20000) was dissolved in a 
solvent mixture of monochlorobenzene and dichloromethane to give a solution 
with a total solid concentration of 2% by weight. The solution was spincoated 
on a glass substrate at 2000 rpm, and then heat-treated at 80°C for 10 minutes 
and 100°C for 1 hour to give a polyvinyl cinnamate film in a thickness of 100 nm. 
The film was irradiated with polarized UV light with wavelength of 300 nm to 330 
nm for 1 minute similarly to the procedures in Example 1 to prepare liquid crystal 
cells. The resulting cells were rotated under Crossed Nicol of a polarizing 
microscope. As a result, it was confirmed that liquid crystals were uniformly 
aligned with an observation of clear brightness and darkness, and no defects. 
However, these liquid crystal cells after heat treating in an oven at 120°C for 1 
hour, and then cooling to a room temperature showed many defects when 
observed under Crossed Nicol of a polarizing microscope and it was confirmed 
that the alignment of liquid crystal observed before heat treatment was not 
maintained and the alignment was in disorder. 

Comparative Example 4 

Under nitrogen gas flow, 1 .92 g (9.8 mmol) of cyclobutane 
tetracarboxylic dianhydride and 10 g (10.0 mmol) of 2,2-bis[4-(4-aminophenoxy) 
phenyl] propane were reacted in 40,13 g of NMP at a room temperature for 3 
hours to prepare a polyimlde precursor solution. The polymerization proceeded 
easily and uniformly, and the polyimide precursor having a reduced viscosity of 
1.03 dl/g (at a concentration of 0.5 g/dl in NMP at 30°C) was prepared with a 
good reproducibility. 

The resulting polyimide precursor was dissolved in a solvent mixture in 
which NMP and BS was mixed in a proportion by weight of 80 : 20, and the 
solution was adjusted to a total solid concentration of 4% by weight. The 
adjusted solution was spincoated on a glass substrate at 4300 rpm, and then 
heat-treated at 80°C for 10 minutes and 250°C for 1 hour to give a polyimide film 
in a thickness of 100 nm. Each polyimide film on the substrates was irradiated 
with polarized UV light with wavelength of 240 nm to 280 nm for 12 minutes 
similarly to the procedures in Example 1 to prepare liquid crystal cells. The 



resulting ceils were rotated under Crossed Nicol of a polarizing microscope. As 
a result, it was confirmed that liquid crystals were uniformly aligned with an 
observation of clear brightness and darkness, and no defects. However, these 
liquid crystal cells after heat treating in an oven at 120*C for 1 hour, and then 
cooling to a room temperature showed many defects when observed under 
Crossed Nicol of a polarizing microscope and it was confirmed that the 
alignment of liquid crystal observed before heat treatment was not maintained 
and the alignment was in disorder. 

[Effect of the Invention] 

The polymer thin film formed on a substrate by using the liquid crystal 
alignment agent of the present invention can make liquid crystal molecules align 
uniformly and stably without any rubbing treatment that is a prior liquid crystal 
alignment process by irradiating the polymer thin film with light or an electron 
beam. 



[Document Name] Abstract 
[Abstract] 

[Problem] The object of the present invention is to provide a liquid crystal 
alignment agent which can align liquid crystals without rubbing treatment of a 
liquid crystal alignment film by irradiation of the film with light or an electron 
beam wherein the liquid crystal alignment agent is a polymer material system 
with a specific unit structure and realizes efficiently uniform and stable alignment 
of liquid crystals, and further the attained alignment has a high thermostability 
and light resistance. 
[Means for solving the Problem] 

A liquid crystal alignment agent used in a method for alignment of liquid 
crystal molecules comprising irradiating a polymer thin film formed on a 
substrate with light or an electron beam at a fixed direction to a face of the 
substrate and aligning liquid crystal molecules on the substrate without any 
rubbing treatment, characterized in that the liquid crystal alignment agent 
comprises a polymer compound (polyamide or polyimide) having in its side chain 
or main chain an amide group with a ring structure at both ends or one end 
thereof, and having a reduced viscosity of 0.05 to 3.0 dl/g (at a concentration of 
0 5 g/dl in N-methyl-2-pyrrolidone at SOX); and a liquid crystal device produced 
by using the same and a method for alignment of liquid crystal molecules using 
the liquid crystal alignment agent. 
[Selected Drawing] None 
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